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➨ 1 ❶ ᗎㄽ  
 
1.1.  㛢㙐ᛶỈᇦࡢㄢ㢟  
1.1.1.  㧗ᗘ⤒῭ᡂ㛗ᮇ࡟⏕ࡌࡓㄢ㢟  
 ᪥ᮏࡢἢᓊᇦ࡛ࡣ㸪1950 ᖺ௦࠿ࡽ 1970 ᖺ௦ࡢ㧗ᗘ⤒῭ᡂ㛗ᮇ࡟࠾࠸࡚ᛴ
⃭࡞Ⓨᒎ࡟కࡗ࡚ᇙࡵ❧࡚ࡸ ‴ࡸㆤᓊࡢᩚഛࡀ㐍ࢇࡔࠋࡲࡓ㸪㝣ᇦ࠿ࡽࡢ
ᕤሙ᤼Ỉࡸ㎰ᴗ᤼Ỉ࡞࡝ࡢ㝣ᇦ࠿ࡽࡢᰤ㣴ሷὶධ㈇Ⲵࡀቑ኱ࡋࡓࠋࡇࢀࡽࡢ
஦㇟࡟ࡼࡾ㸪࡜ࡃ࡟㛢㙐ᛶỈᇦ࡟࠾࠸࡚㸪ୗグ࡟♧ࡍࡼ࠺࡞ࡉࡲࡊࡲ࡞⎔ቃ
ၥ㢟ࡀ㢧ᅾ໬ࡋࡓࠋ  
㸦㸯㸧⸴ሙ࣭ᖸ₲ࡢῶᑡ  
 ᪥ᮏࡢἢᓊᇦ㸪࡜ࡃ࡟ᮾி‴㸪ఀໃ㸪୕Ἑ‴㸪℩ᡞෆᾏ࡟௦⾲ࡉࢀࡿ㛢㙐
⣔ᾏᇦ࡟࠾࠸࡚⸴ሙࡸᖸ₲ࡀῶᑡࡋࡓࠋ඲ᅜ࡛ࡣ㸪 1978 ᖺ௨㝆࡟ ,⥲㠃✚
(1989㹼 91 ᖺ᫬Ⅼ )201,200 ha ࡢ 3%࡟࠶ࡓࡿ 6,400 ha ࡀᾘ⁛ࡋࡓ㸦⎔ቃᗇ  
1994)ࠋ℩ᡞෆᾏ࡛ࡣ 1970 ᖺ௦࡟ᇙࡵ❧࡚࡟ࡼࡿᾘ⁛ࡸỈ㉁ở⃮࡟ࡼࡾ࢔࣐
ࣔሙࡀ 1/4 ࡟ࡲ࡛ῶᑡࡋࡓ㸦ᑎ⬥ࡽ  1999㸧ࠋ࡜ࡃ࡟᧛☻ℿ࡛ࡢῶᑡࡀⴭࡋ࠸
㸦໭㔝ࡽ  2011㸧ࠋ  
㸦㸰㸧ᐩᰤ㣴໬࣭㉥₻  
 ᕤሙ᤼Ỉࡸ㎰ᴗ᤼Ỉ࡞࡝࡟ࡼࡿ㝣ᇦ࠿ࡽࡢᰤ㣴ሷὶධ㈇Ⲵࡀቑ኱ࡋ㸪≉࡟
ᾏỈ஺᥮࡟ஈࡋ࠸㛢㙐ᛶᾏᇦ࡟࠾࠸࡚ࡣ㸪ᐩᰤ㣴໬ࡀ㐍⾜ࡋࡓࠋᐩᰤ㣴໬ࡀ
㐍⾜ࡋࡓỈᇦࡣ㇏ᐩ࡞ᰤ㣴ሷ࡟ࡼࡾ᪥ගࡢᙜࡓࡿỈ㠃௜㏆࡛ࡣࣉࣛࣥࢡࢺࣥ
ࡢቑṪ࡟ࡼࡾ㉥₻ࡀⓎ⏕ࡋࡓ㸦ᒸᕷ  1971㸧ࠋ㉥₻ࡣ㸪⸴㢮ࡀ⏘⏕ࡍࡿẘ⣲࡟
ࡼࡿ㨶௓㢮ࡢᩢṚ࡞࡝ࡢỈ⏘≀࡬ࡢᙳ㡪ࡀ኱ࡁ࠸ࡇ࡜࡟ຍ࠼㸪ࣉࣛࣥࢡࢺࣥ
ࡢṚ㧁ࡀᾏᗏ࡟ሁ✚ࡍࡿࡇ࡜࡛㸪ḟ࡟㏙࡭ࡿࡼ࠺࡟ᗏ㉁ᝏ໬࡟ࡘ࡞ࡀࡿࠋ  
㸦㸱㸧ᗏ㉁ᝏ໬࣭㈋㓟⣲໬  
 Ỉሢࡢ⁫␃࡟ࡼࡾෆ㒊࡛⏕ᡂࡋࡓ᭷ᶵ≀ࡀᗏἾ࡟ሁ✚ࡋ㸪ࡑࢀࡽࡀศゎࡉ
ࢀࡿ㝿࡟㓟⣲ࡀᾘ㈝ࡉࢀ㸪◲㓟㑏ඖ⳦ࡢቑṪ࡟㐺ࡋࡓ㑏ඖⓗ⎔ቃࡀᙧᡂࡉࢀ
ࡿࠋ◲㓟㑏ඖ⳦ࡣᾏỈ୰ࡢ◲㓟࢖࢜ࣥࢆᾘ㈝ࡋ㸪◲໬Ỉ⣲ࢆ⏕ᡂࡍࡿ㸦Hansen 
and Blackburll  1991, ୸ⱱࡽ  2012㸧ࠋ◲໬Ỉ⣲ࡣẘᛶࡀ㧗ࡃ⏕≀⏕ᜥ⎔ቃࡢ
ᝏ໬ࢆࡶࡓࡽࡍ࡯࠿㸪◲໬Ỉ⣲ࡀ໬Ꮫⓗ࡟⁐Ꮡ㓟⣲ࢆᾘ㈝ࡍࡿࡓࡵ㸪ࡇࢀࡀ
᭷ᶵ≀ࡢ㓟໬ศゎ࡜࡜ࡶ࡟⁐Ꮡ㓟⣲ᾘ㈝ࡢཎᅉ࡜࡞ࡗ࡚࠾ࡾ㸪ࡉࡽ࡟㑏ඖⓗ
࡞⎔ቃࢆࡶࡓࡽࡍ୍ᅉ࡜ゝࢃࢀ࡚࠸ࡿ㸦ᒣᮏࡽ  2011㸧ࠋ◲໬Ỉ⣲ࡣ㸪ḟ࡟㏙
࡭ࡿ㟷₻ࡢཎᅉ࡟ࡶ࡞ࡗ࡚࠸ࡿࠋ  
㸦㸲㸧῝ᇼ㊧࣭㟷₻  
 ேཱྀࡀ㞟୰ࡍࡿᆅᇦࡢἢᓊᾏᇦ㸪ࡍ࡞ࢃࡕᮾி‴㸪ఀໃ࣭୕Ἑ‴㸪࠾ࡼࡧ
኱㜰‴ࢆྵࡴ℩ᡞෆᾏ࡞࡝ࡢᾏᇦ࡟࠾࠸࡚㸪㧗ᗘ⤒῭ᡂ㛗ᮇ࡟኱つᶍ࡞ᇙࡵ
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❧࡚ࡸㆤᓊᕤ஦࡞࡝ࡀ⾜ࢃࢀ㸪ࡑࡢᮦᩱ࡜ࡋ࡚ᾏᗏࡢᅵ◁ࡀ኱㔞࡟᥇ྲྀࡉࢀ㸪
ὼ ㊧ᆅࡀṧࡉࢀࡓ㸦୰ᮧࡽ  2009㸧ࠋࡇࢀࡽࡢὼ ㊧࡛ࡣ㸪ᾏỈࡀ೵⁫ࡋ㸪
ᠱ⃮≀ࡀሁ✚ࡋࡸࡍࡃ࡞ࡿࡇ࡜࠿ࡽ㈋㓟⣲໬࣭᎘Ẽ໬ࡋ㸪⁐Ꮡ◲໬≀ࡢ⏕ᡂ
࡞࡝࡟ࡼࡿỈ㉁ࡢᝏ໬ࡀ⏕ࡌ࡚࠸ࡿࠋᮾி‴ࡢ⁐Ꮡ◲໬≀ࡢ 90%ࡀ❑ᆅෆ࡟
Ꮡᅾࡋ࡚࠸ࡿ࡜ࡶᴫ⟬ࡉࢀ࡚࠸ࡿ㸦బࠎᮌࡽ  1996㸧ࠋࡲࡓ㸪◲໬Ỉ⣲ࡣ⏕≀
࡟ᑐࡋ࡚ᴟࡵ࡚㧗࠸ẘᛶࢆ᭷ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦᪥ྥ㔝  2005㸧ࠋ  
 ࡉࡽ࡟⁐Ꮡ◲໬≀ࡸ◲໬Ỉ⣲ࡢ኱ࡁ࡞ၥ㢟࡜ࡋ࡚㸪㟷₻ࡢ୺ཎᅉ࡜࡞ࡿⅬ
ࡀᣲࡆࡽࢀࡿࠋᾏỈࡀᐩᰤ㣴໬ࡋࡓ㝿࡟኱㔞Ⓨ⏕ࡋࡓࣉࣛࣥࢡࢺࣥࡀṚ⁛ࡍ
ࡿ࡜ୗᒙ࡬ỿẊࡋ㸪ᗏᒙ࡛⏕ศゎࡉࢀࡿ㐣⛬࡛㓟⣲ࡀᾘ㈝ࡉࢀ㸪㈋㓟⣲Ỉሢ
ࡀ࡛ࡁࡿࠋ ㈋㓟⣲Ỉሢࡀᙉ㢼ࡢ㝿࡞࡝࡟࠾ࡇࡿ‪᪼⌧㇟࡟ࡼࡗ࡚ᓊ㏆ࡃࡢỈ
ࡢ⾲ᒙ࡟ୖ᪼ࡍࡿࡀ㸪ᗏᒙࡢ᎘Ẽศゎ࡛⏕ࡌࡓ◲໬Ỉ⣲➼ࢆྵࡴࡇ࡜ࡀ࠶ࡿࠋ
ࡇࡢ◲໬Ỉ⣲ࡀ኱Ẽ୰ࡢ㓟⣲࡜཯ᛂࡋ࡚㟷Ⰽࡸⓑ⃮Ⰽࢆ࿊ࡍࡿࡇ࡜࠿ࡽ㟷₻
࡜࿧ࡤࢀࡿ㸦⸨ཎ  2010㸧ࠋኟ㹼⛅࡟ᮾி‴ࡸ኱㜰‴࡞࡝࡛Ⓨ⏕ࡍࡿࡇ࡜ࡀ▱
ࡽࢀ࡚࠸ࡿࠋ㨶௓㢮ࡢ኱㔞ᩢṚࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ࠶ࡿࠋᮾி‴࡛ࡣ㏆ᖺ㸪
ᖺ 3㹼 6 ᅇࡢ㟷₻ࡀほ ࡉࢀ࡚࠸ࡿ㸦㣤ᮧࡽ  2012㸧ࠋ  
 
1.1.2.  㧗ᗘ⤒῭ᡂ㛗ᮇࡢᚋ࡟⏕ࡌࡓㄢ㢟  
㧗ᗘ⤒῭ᡂ㛗ᮇࡀ⤊஢ࡋࡓࡢࡕ㸪ୗグࡢࡼ࠺࡞᪂ࡓ࡞ၥ㢟ࡀⓎ⏕ࡋ࡚࠸ࡿࠋ 
㸦㸯㸧㈋ᰤ㣴໬  
 ㈋ᰤ㣴໬ࡣ❅⣲㸪ࣜࣥ࡞࡝ࡢᰤ㣴ሷࡀ୙㊊ࡍࡿࡇ࡜ࢆᣦࡍࠋ㈋ᰤ㣴໬ࡣ⏕
ែ⣔࡟኱ࡁ࡞ᙳ㡪ࢆཬࡰࡍࠋ℩ᡞෆᾏ࡛ࡣ㸪㈋ᰤ㣴໬ࡀᣦ᦬ࡉࢀ࡚ 10 ᖺࡀ
⤒㐣ࡋ࡚࠾ࡾ㸪ࡇࡢ㛫㸪ࣀࣜࡢⰍⴠࡕࡸ㨶௓㢮ࡢῶᑡ࡞࡝ࡀ㢧ᅾ໬ࡋ࡚࠸ࡿ
㸦Yamamoto 2003㸪ᒣᮏ  2015, ከ⏣  2010㸧ࠋࡉࡽ࡟㈋ᰤ㣴໬ࡋ࡚࠸࡚ࡶᾏ
ᗏ࡟᭷ᶵ㉁࡟ᐩࢇࡔἾࡀሁ✚ࡋ㸪ᗏᒙ࡟࠾࠸࡚㈋㓟⣲໬ࡸ◲໬Ỉ⣲ࡀⓎ⏕ࡍ
ࡿ࡞࡝ࡢၥ㢟ࡀ⏕ࡌ࡚࠸ࡿࡇ࡜ࡶᣦ᦬ࡉࢀ࡚࠸ࡿ㸦ᒣᮏ  2015㸧ࠋ  
㸦㸰㸧☾↝ࡅ  
 ἢᓊྛᆅ࡟࠾࠸࡚㸪☾↝ࡅ࡜࿧ࡤࢀࡿ⌧㇟ࡀ⏕ࡌ࡚࠸ࡿࠋẚ㍑ⓗὸ࠸ᾏᇦ
ࡢ඲㒊ࡲࡓࡣ୍㒊ࡢᾏ⸴ࡸᾏⲡ㸦⸴ሙ㸧ࡀᾘኻࡋࡓ≧ែࢆᣦࡍࠋࡇࡢཎᅉࡣ
ྛᾏᇦ࡟ࡼࡗ࡚␗࡞ࡿ࡜ࡉࢀ㸪ᾏỈ ᗘࡢୖ᪼㸪࢘ࢽࡸ⸴㣗㨶㢮࡟ࡼࡿ㣗ᐖ
࡞࡝ࡢ࡯࠿㸪㕲࡞࡝ࡢᰤ㣴ᡂศࡢ୙㊊ࡀᣲࡆࡽࢀ࡚࠸ࡿ (᱓ཎࡽ  2006)ࠋᾏ⸴
㢮ࡸ⸴ሙ࡛⏕άࡍࡿ㨶௓㢮࡞࡝ࡢỈ⏘㈨※ࡀ኱ࡁࡃῶᑡࡍࡿ࡞࡝ࡢᙳ㡪ࢆཬ
ࡰࡋ࡚࠸ࡿ㸦⸨⏣  2011㸧ࠋ  
 
1.2.  ἲᩚഛ࣭⾜ᨻࡢືࡁ  
 ⾜ᨻ࡛ࡣ㸪Ỉ㉁ở⃮ࡀⴭࡋ࠸㛢㙐ᛶᾏᇦ㸦ᮾி‴㸪ఀໃ࣭୕Ἑ‴㸪℩ᡞෆ
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ᾏ㸧ࡢỈ㉁ᨵၿࢆᅗࡿࡓࡵ㸪⥲㔞つไไᗘࢆ⟇ᐃࡋࡓࠋつไᑐ㇟㡯┠ࡣ㸪➨
1 ḟ⥲㔞つไ㸦 1979 ᖺ⟇ᐃ㸧࡛ࡣ໬Ꮫⓗ㓟⣲せồ㔞㸦COD㸧㸪➨ 5 ḟ⥲㔞つ
ไ㸦 2001 ᖺ⟇ᐃ㸧࠿ࡽࡣ඲ࣜࣥ㸪඲❅⣲ࡀ㏣ຍࡉࢀ࡚࠸ࡿࠋ℩ᡞෆᾏ࡟࠾࠸
࡚ࡣ 1973 ᖺ࡟℩ᡞෆᾏ⎔ቃಖ඲⮫᫬ᥐ⨨ἲ㸪1979 ᖺ࡟℩ᡞෆᾏ⎔ቃಖ඲≉
ูᥐ⨨ἲࡀ᪋⾜ࡉࢀ㸪⏘ᴗ⣔ࡢ᤼Ỉࡢ COD ㈇Ⲵࡢ๐ῶ┠ᶆࡀᐃࡵࡽࢀࡓࠋ
ḟ࠸࡛ࣜࣥ࡟ࡘ࠸࡚ 1980 ᖺᗘ௨㝆㸪❅⣲ࡶ 1996 ᖺᗘ௨㝆࡟๐ῶᣦᑟࡀᐇ᪋
ࡉࢀ㸪 1999 ᖺ࡟つไࡀ㐺⏝ࡉࢀࡓࠋࡇࢀࡽࡢ᪋⟇࡟ࡼࡾ㸪 2000 ᖺ௦࡛ࡣ℩
ᡞෆᾏ࡬ࡢ COD Ⓨ⏕㈇Ⲵ㔞࡜඲ࣜࣥࡣ 1970 ᖺ௦࡟ẚ࡭࡚༙ῶ㸪඲❅⣲㈇Ⲵ
ࡣ 2/3 ࡟ῶᑡࡋࡓ㸦⎔ቃ┬⟬ᐃ್㸧ࠋ  
 ࡇࡢࡼ࠺࡞᪋⟇࡟ࡼࡾ㸪㉥₻ࡣ 1975 ᖺ๓ᚋ࡟ᖺ㛫 200㹼 300 ௳⛬ᗘࡢ㉥
₻ࡀⓎ⏕ࡋ࡚࠸ࡓࡀ㸪㛗ᮇⓗ࡟ࡣῶᑡഴྥ࡟࠶ࡾ㸪㏆ᖺ࡟࠾࠸࡚ࡣᖺ㛫 100
௳⛬ᗘࡢᶓࡤ࠸࡛᥎⛣ࡋ࡚࠸ࡿࠋ㉥₻ࡢⓎ⏕࡟క࠺㣴Ṫ㨶㢮ࡢᩢṚ࡜࠸ࡗࡓ
⁺ᴗ⿕ᐖࡣ㸪ࣆ࣮ࢡ᫬࡟ࡣᖺ㛫 29 ௳࡛࠶ࡗࡓࡀ㸪㏆ᖺ࡛ࡣᖺ㛫 10 ௳⛬ᗘ࡜
࡞ࡗࡓ㸦Ỉ⏘ᗇ℩ᡞෆᾏ⁺ᴗㄪᩚ஦ົᡤ  2015㸧ࠋ  
 ࡋ࠿ࡋ㸪ࡇࡢࡼ࠺࡟㸪㝣ᇦ㈇Ⲵࢆῶᑡࡉࡏࡿࡇ࡜࡟ࡼࡾ㉥₻Ⓨ⏕௳ᩘࡶ୍
ᐃࡢᡂᯝࢆᣲࡆࡓ࡟ࡶ࠿࠿ࢃࡽࡎ㸪Ỉ⏘㈨※ࢆྵࡵࡓ⏕≀⏕⏘㔞ࡢቑ኱࡟ࡣ
ࡘ࡞ࡀࡽ࡞࠿ࡗࡓ㸦Yamamoto 2003㸪ᒣᮏ  2015, ከ⏣  2010㸧ࠋࡇࡢཎᅉ࡜
ࡋ࡚㸪㈇Ⲵ๐ῶ࡟ࡼࡾ㸪࡜ࡃ࡟኱㜰‴௨እࡢ℩ᡞෆᾏ࡟࠾࠸࡚㈋ᰤ㣴໬ࡀ㐍
⾜ࡋࡓࡇ࡜㸪⸴ሙ࣭ᖸ₲࡞࡝ࡢ⏕≀ࡢ⏕ᜥ࣭⏕㛗ࡢሙࡀኻࢃࢀࡓࡲࡲ࡛࠶ࡿ
ࡇ࡜㸪ࡇࢀࡲ࡛ࡢ㈇Ⲵࡀᾏᗏ࡟ሁ✚≀࡜ࡋ࡚⵳✚ࡉࢀ㸪ࡇࢀ࡟㉳ᅉࡍࡿ㈋㓟
⣲໬ࡀ⏕ࡌࡓࡇ࡜㸪࡞࡝ࡀᣲࡆࡽࢀࡿࠋࡇࢀࡽࡢᨵၿᑐ⟇ࡢᚲせᛶࡀᣦ᦬ࡉ
ࢀࡓࡇ࡜㸦ᒣᮏ  2005㸧࡟ࡼࡾ㸪➨㸴ḟ⥲㔞つไ㸦 2007 ᖺ᪋⾜㸧࡛ࡣ㸪኱㜰
‴࡛ࡣᘬࡁ⥆ࡁ❅⣲㸪ࣜࣥࡢ๐ῶࢆ⥅⥆ࡍࡿࡀ㸪኱㜰‴௨እ࡛ࡣࠕࡇࢀࡲ࡛
௨ୖࡢつไᙉ໬ࡣ⾜ࢃ࡞࠸ࠖ࡜ࡋ㸪㌿᥮ᮇࢆ㏄࠼ࡓࠋࡉࡽ࡟㸪➨㸵ḟ⥲㔞つ
ไ㸦 2011 ᖺ⟇ᐃ㸧࡛ࡣ㸪኱㜰‴࡟࠾࠸࡚ࡣᾏᇦࡢỈ⎔ቃࡢᨵၿࢆᅗࡿࡀ㸪኱
㜰‴ࢆ㝖ࡃ℩ᡞෆᾏ࡟࠾࠸࡚ࡣ㸪ࠕ⌧ᅾࡢỈ㉁ࡢᝏ໬ࢆ㜵ࡄࡇ࡜ࢆ┠㏵࡜ࡋ࡚
✀ࠎࡢ᪋⟇ࢆ᥎㐍ࡍࡿࡇ࡜㸪⎔ቃᇶ‽ࡢ㐩ᡂ≧ἣ➼ࢆ㋃ࡲ࠼㸪Ỉ㉁⟶⌮ࢆᇶ
ᮏ࡜ࡋࡘࡘ㸪❅⣲ཬࡧࡾࢇ➼ࡢᰤ㣴ሷࡢ㐺ษ࡞ᚠ⎔ࡢ☜ಖ࡟ྥࡅࡓྲྀ⤌ࢆ㐍
ࡵࡿᚲせࡀ࠶ࡿࠖ࡜ࡉࢀࡓࠋࡉࡽ࡟㸪௒ᚋࡢ᪉ྥ࡜ࡋ࡚㸪᪂ࡓ࡞Ỉ㉁┠ᶆ࡜
ࡋ࡚㸪ᗏᒙ⁐Ꮡ㓟⣲࡜㏱᫂ᗘࢆ┒ࡾ㎸ࡴࡓࡵࡢ᳨ウࡀ࡞ࡉࢀ࡚ࡁࡓࠋ  
 ┤㏆࡛ࡣ㸪℩ᡞෆᾏ⎔ቃಖ඲≉ูᥐ⨨ἲ࡟ᇶ࡙ࡃࠕ℩ᡞෆᾏ⎔ቃಖ඲ᇶᮏ
ィ⏬ࠖࡀぢ┤ࡉࢀ㸪ἢᓊᇦࡢ⎔ቃಖ඲࡟ຍ࠼㸪ࡇࢀࡽࡢࠕ෌⏕࠾ࡼࡧ๰ฟࠖ
࡜ࡋ࡚㸪ᗏ㉁ᨵၿᑐ⟇㸪❑ᆅᑐ⟇ࡢ᥎㐍㸪࠾ࡼࡧ⎔ቃ㓄៖ᆺᵓ㐀≀ࡢ᥇⏝㸪
࡞࡝ࡢほⅬࡀ᪂ࡓ࡟ຍ࠼ࡽࢀࡓ㸦 2015 ᖺ 2 ᭶㛶㆟Ỵᐃ㸧ࠋ  
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1.3.  ᾏᇦ⎔ቃಟ᚟ᢏ⾡  
1.3.1.   ⸴ሙ㸪ᖸ₲࡞࡝ࡢ㐀ᡂ  
 ⸴ሙ㐀ᡂ࡟㛵ࡍࡿ◊✲ࡣࠊỈ⏘฼⏝ୖࡢ᭷⏝ᛶࡢほⅬ࠿ࡽከࡃᐇ᪋ࡉࢀ࡚
ࡁ࡚࠸ࡿࡀ㸪᭱㏆࡛ࡣ㛤Ⓨ⾜Ⅽࡢᐇ᪋࡟క࠺⎔ቃಖ඲ᥐ⨨࡜ࡋ࡚ࠊᾘ⁛ࡍࡿ
⸴ሙࡢ௦ൾᥐ⨨ࡀ᳨ウࡉࢀࠊᐇ᪋ࡉࢀࡿ஦౛ࡀከࡃࡳࡽࢀࡿ㸦⎔ቃ┬  2004㸧ࠋ
⸴ሙࡣ࣍ࣥࢲ࣡ࣛ㸪࢝ࢪ࣓࡞࡝ᾏ⸴⩌ⴠ࡛࠶ࡿᾏ⸴⸴ሙ࡜࢔࣐ࣔ⩌ⴠ࡞࡝ࡢ
ᾏⲡ⸴ሙ࡟኱ู࡛ࡁࡿࠋ๓⪅࡛ࡣ㸪▼ᮦࡸࢥࣥࢡ࣮ࣜࢺࣈࣟࢵࢡࢆ⏝࠸ࡓ⸴
ሙ㐀ᡂᢏ⾡㸦ᑠ㔝ࡽ  2002㸧ࡀ㸪ᚋ⪅࡛ࡣ࢔࣐ࣔࡢ᧛✀ᢏ⾡㸦㔠⃝ࡽ  2003㸧
ࡸ⛣᳜ᢏ⾡㸦㧗ᒣࡽ  2008㸧࡞࡝ࡢ஦౛ࡀ㛤Ⓨ࣭ᥦ᱌ࡉࢀ࡚࠸ࡿࠋ  
 
1.3.2.   ㈋㓟⣲ゎᾘ࣭ᗏ㉁ᨵၿ  
 ῝ᇼ㊧㸪㨶௓㢮ࡢ㣴Ṫሙ㸪ὶࢀࡀᑡ࡞࠸㐠Ἑ࡞࡝ࡣ᭷ᶵ≀ࢆྵࡴሁ✚≀ࡀ
ỿ㝆ࡋࡸࡍ࠸ࠋࡇࡢࡼ࠺࡞ሙᡤ࡛ࡣ㈋㓟⣲໬㸪ࡘ࠸࡛⁐Ꮡ◲໬≀ࡀⓎ⏕ࡋࡸ
ࡍ࠸ࠋඛ࡟㏙࡭ࡓࡼ࠺࡟㸪◲໬Ỉ⣲ࡣ⏕≀࡟ᑐࡋ࡚ᙉ࠸ẘᛶࡀ࠶ࡾ㸪ࡑࡢⓎ
⏕ᢚไࡀᮃࡲࢀࡿࠋ⁐Ꮡ◲໬≀ࡣ㸪↓㓟⣲≧ែࡢἾ୰࡟࠾࠸࡚◲㓟㑏ඖ⳦ࡀ
᭷ᶵ≀ࢆศゎࡍࡿ㝿㸪◲㓟࢖࢜ࣥ㸦 SO4 2-㸧ࡀ㑏ඖࡉࢀࡿࡇ࡜࡛⏕ᡂࡍࡿࠋ◲
໬Ỉ⣲ࡣỈ୰࡛ࡣ୺࡟◲໬Ỉ⣲࢖࢜ࣥ㸦HS-㸧࡜ࡋ࡚Ꮡᅾࡋ㸪ࡑࡢ୍㒊ࡣᗏ
㉁࠿ࡽ┤ୖỈ࡬⁐ฟࡍࡿࠋ  
 ㈋㓟⣲໬ࡸᗏἾ࡟࠾ࡅࡿ◲໬Ỉ⣲Ⓨ⏕ࡢᢚไᑐ⟇ᢏ⾡࠾ࡼࡧࡑࡢ᪤ ◊✲
ࢆࡲ࡜ࡵࡿ࡜௨ୗࡢ࡜࠾ࡾ࡜࡞ࡿࠋ  
㸦㸯㸧ὼ 㝖ཤ㸸 ᝏ໬ࡋࡓᗏ㉁ࢆὼ ࡟ࡼࡾ㝖ཤࡍࡿ᪉ἲ࡛࠶ࡿࠋࡇࡢ᪉
ἲࡣᢤᮏⓗ࡞᪉ἲ࡜ࡶ⪃࠼ࡽࢀࡿࡀ㸪᭷ᶵ≀⢏Ꮚࡢ෌ሁ✚࡟ࡼࡾ㛗ᮇⓗ࡟ຠ
ᯝࡀῶᑡࡍࡿࡇ࡜ࡀᠱᛕࡉࢀࡿࡇ࡜ࡸὼ ᕤ஦ࡸὼ Ἶࡢฎ⌮ࢥࢫࢺࡀ኱ࡁ
ࡃ࡞ࡿࡇ࡜࡞ࡿㄢ㢟ࡀ࠶ࡿࠋ  
㸦㸰㸧㓟⣲౪⤥㸸 ✵Ẽ྿ࡁ㎸ࡳ࡞࡝࡟ࡼࡾᗏᒙỈࢆዲẼⓗ㞺ᅖẼ࡟ኚ࠼㸪
◲㓟㑏ඖ⳦࡟ࡼࡿ◲໬Ỉ⣲Ⓨ⏕ࢆᢚไࡍࡿ᪉ἲ࡛࠶ࡿࠋࡇࡢ᪉ἲࡣ㓟⣲౪⤥
ᡭẁࡀ☜ಖ࡛ࡁ㸪࠿ࡘẚ㍑ⓗ⊃࠸Ỉᇦ࡟㐺ࡍࡿ࡜⪃࠼ࡽࢀࡿࠋ୍᪉࡛㸪ᝏ໬
ࡋࡓᗏ㉁ࡑࡢࡶࡢࢆᨵ㉁ࡍࡿࡇ࡜ࡣ㞴ࡋ࠸ࡇ࡜㸪⥔ᣢࢥࢫࢺࡀẚ㍑ⓗ㧗࠸ࡇ
࡜ࡀㄢ㢟࡜⪃࠼ࡽࢀࡿࠋ  
㸦㸱㸧そ◁㸸 ᭷ᶵ≀ࢆྵࡴሁ✚≀࡟ࡼࡾᗏ㉁ࡀᝏ໬ࡋࡓᗏ㠃࡬◁࡞࡝࡟ࡼ
ࡾそ࠺ᢏ⾡࡛࠶ࡾ㸪ࡑࡢຠᯝࡣᰤ㣴ሷࡢ⁐ฟ㔞ࡢ๐ῶࠊ⁐Ꮡ㓟⣲ᾘ㈝㔞ࡢ๐
ῶࠊ⏕≀┦ࡢᅇ᚟࡞࡝ࡀᣲࡆࡽࢀࡿࠋࡇࡢ᪉ἲࡣὼ ᅵ◁࡛ࡣẚ㍑ⓗྂࡃ࠿
ࡽ⾜ࢃࢀ࡚࠸ࡿ㸦ᰠᕝࡽ  1987㸧ࠋࡇࡢ᪉ἲࡣ≀⌮ⓗ࡞⵹࡛࠶ࡿࡓࡵ㸪ᗏ㉁ࡢ
ᨵ㉁ຠᯝࡣᮇᚅ࡛ࡁ࡞࠸ࡇ࡜㸪࠾ࡼࡧ᪂ࡓ࡞ሁ✚ࡀ⏕ࡌࡓሙྜ࡟ຠᯝࡀῶ⾶
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ࡲࡓࡣᾘኻࡍࡿྍ⬟ᛶࡀ࠶ࡿࡇ࡜ࡀㄢ㢟࡛࠶ࡿࠋ  
㸦㸲㸧㕲࡞࡝ࢆྵ᭷ࡍࡿᮦᩱࢆ⏝࠸ࡓ◲໬Ỉ⣲ࡢᅛᐃ࠾ࡼࡧⓎ⏕ᢚไ㸸  
 ⁐ᾮ୰ࡢ⁐Ꮡ◲໬≀࡜㕲ࡢ཯ᛂ࡟ࡘ࠸࡚ࡣከࡃࡢ◊✲ࡀ࡞ࡉࢀ㸪ḟࡢࡼ࠺
࡞ሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡿࠋ  
 Fe ࡜ S ࡢ཯ᛂࡣ㠀ᬗ㉁ࡢ FeS ࡀ๓㥑య࡜ࡋ࡚⏕ᡂࡋ㸪ࡇࡢ FeS ࡜ S0 ࡀ཯
ᛂࡋ࡚ FeS2 ࡀ⏕ᡂࡍࡿࠋFeS2 ࡣ⇕ຊᏛⓗ࡟Ᏻᐃ࡛࠶ࡿࡀ㸪Fe ࡜ S ࡢ཯ᛂ࡛
┤᥋ FeS2 ࡀ⏕ᡂࡉࢀࡿࡇ࡜ࡣ࡞࠸࡜㏙࡭ࡽࢀ࡚࠸ࡿ㸦 Schoonen and Barnes 
1991㸧ࠋ  
◲໬Ỉ⣲࡜཯ᛂࡍࡿ Fe2O3 ࡞࡝ࡢ㓟໬㕲㸪Ỉ㓟໬㕲ࡣࡑࡢ㖔≀┦ࡢᕪ␗࡟
ࡼࡾ㸪཯ᛂ㏿ᗘࡀ␗࡞ࡿ㸦Canfield et al . 1992㸧ࠋࡲࡓ㸪ඹᏑࡍࡿ௚ࡢ㔠ᒓ
࢖࢜ࣥ⃰ᗘ㸪 pH ࡟ࡼࡾ㸪ࡑࡢ཯ᛂ㏿ᗘࡣ኱ࡁࡃ␗࡞ࡿ㸦Yao et al . 1993㸧ࠋ  
 ᖸ₲࡟࠾࠸࡚㸪㈋㓟⣲࡜࡞ࡿኟᏘ࡟◲໬㕲ࡀቑຍࡋ㸪⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ
࡚㈋㓟⣲ࡀゎᾘࡉࢀࡿ࡟ࡘࢀ࡚◲໬㕲ࡀῶᑡࡋ㸪Ỉ㓟໬㕲㸦Fe(OH)3㸧ࡀቑ
ຍࡍࡿࠋ◲໬Ỉ⣲ࡢᗏ㉁㒊࡛ࡢ⵳✚ࡣ◲໬Ỉ⣲ࡢⓎ⏕࡜㓟໬࡟ࡼࡿᾘ⁛ࡢࣂ
ࣛࣥࢫ࡟ࡼࡗ࡚࠸ࡿ㸦Rozan et al . 2002㸧  
 ⮬↛ᖸ₲࡛ᗏἾ୰ࡢ㕲ྵ᭷㔞ࡀ㧗࠸ሙᡤࡣ◲໬Ỉ⣲ࡢⓎ⏕ࡀ࡯࡜ࢇ࡝ぢࡽ
ࢀࡎ㸪㕲ྵ᭷㔞ࡢప࠸ሙᡤ࡛ࡣ㧗࠸⃰ᗘࡢ◲໬Ỉ⣲Ⓨ⏕ࡀ࠶ࡿࡇ࡜ࡀሗ࿌ࡉ
ࢀ࡚࠸ࡿ㸦Kanaya and Kikuchi 2004㸧ࠋᗏ㉁࡟㕲⢊ࢆᩓᕸࡍࡿᐇ㦂ࢆ⾜࠸㸪
㕲⢊ᩓᕸ༊ࡢ⁐Ꮡ◲໬≀ࡀᢚไࡉࢀࡓࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ㸦㔠㇂ࡽ  2009㸧ࠋ
㢮ఝࡢ஦౛ࡣᾏእ࡛ࡶሗ࿌ࡉࢀ࡚࠸ࡿ㸦Canfield 1989㸧ࠋ  
 ࡇࢀࡽࡢ᪤ ࡢ◊✲࠿ࡽ㸪ᖸ₲୰ࡸᗏ㉁୰࡟㇏ᐩ࡟㕲ศࡀᏑᅾࡋ࡚࠸ࡿ࡜
ኟᏘࡢ㑏ඖ㞺ᅖẼ࡛ࡣⓎ⏕ࡋࡓ⁐Ꮡ◲໬≀ࡣ㕲࡜཯ᛂࡋ࡚◲໬㕲࡟࡞ࡿ㸪࠶
ࡿ࠸ࡣ㓟໬ࡉࢀࡿࡇ࡜࡟ࡼࡾࡑࡢ⃰ᗘࡀపῶࡉࢀࡿ࡜⪃࠼ࡽࢀࡿࠋ  
 ࡲࡓ㸪⮬↛ࡢ‵ᆅ࡟࠾ࡅࡿ㕲㸪࣐ࣥ࢞ࣥ㸪◲㯤㸪ࣜࣥ࡞࡝ࡢᖺ㛫ࢆ㏻ࡌ࡚
ࡢᙧែࡢ⎔ቃⓗኚ໬࡟㛵ࡍࡿ◊✲ࡶ⾜ࢃࢀ࡚ ࠸ࡿ㸦 Rozan et al. 2002, 
Thamdrup et al. 1994㸧ࠋRozan ࡽࡣ㸪ኟᏘ࡟◲㓟㑏ඖ⳦ࡢാࡁ࡟ࡼࡗ࡚㑏
ඖࡉࢀࡓ◲໬Ỉ⣲ࡀࣜࣥ࡞࡝ࡢᰤ㣴ሷࢆ྾╔ࡋࡓ㕲࡜཯ᛂࡍࡿࡇ࡜࡛㸪ᰤ㣴
ሷࡀỈ୰࡟ᨺฟࡉࢀࡿ࡜㏙࡭࡚࠸ࡿ㸦Rozan et al.  2002㸧ࠋ  
 
1.3.3.   ῝ᇼ㊧ࡢᇙࡵᡠࡋ  
 ῝ᇼ㊧ࡀ୺ࡓࡿ㈋㓟⣲Ỉሢࡸ◲໬Ỉ⣲ࡢⓎ⏕※࡜࡞ࡗ࡚࠸ࡿሙྜ㸪ಟ᚟㈨
ᮦ࡟ࡼࡾᇙࡵ❧࡚ࡿࡇ࡜࡟ࡼࡾ῝ᇼ㊧㸦❑ᆅ㸧ࢆ↓ࡃࡋ㸪㈋㓟⣲ỈሢࡢⓎ⏕
ࢆᢚ࠼ࡿࡇ࡜ࡀ┠ⓗ࡛࠶ࡿࠋ୕Ἑ‴㸦୰ᮧࡽ  2010㸧㸪ᮾி‴㸦஑㒔┴ᕷ㤳⬻
఍㆟⎔ቃၥ㢟ᑐ⟇ጤဨ఍  2011㸧࡞࡝࡛ᐇ᪋ࡉࢀ࡚࠸ࡿࠋ  
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1.4.  ྛ✀ࣜࢧ࢖ࢡࣝᮦ࡟ࡼࡿᾏᇦ⎔ቃಟ᚟ᢏ⾡࡟㛵ࡍࡿ᪤ ࡢ◊✲  
 ㏆ᖺ㸪ኳ↛▼ᮦࡸ◁ᮦࡢ౪⤥୙㊊ࡸ෌⏕㈨※ࡢ᭷ຠ฼⏝ࡢほⅬ࠿ࡽ㸪ࣜࢧ
࢖ࢡࣝᮦࢆ⏝࠸ࡓᾏᇦ⎔ቃᨵၿ࡟㛵ࡍࡿ◊✲ࡀ㐍ࡵࡽࢀ࡚࠸ࡿࠋ௨ୗ࡟〇㕲
ᡤ࠿ࡽⓎ⏕ࡍࡿ๪⏘≀࡛࠶ࡿ㕲㗰ࢫࣛࢢࡢ୍✀࡛࠶ࡿ〇㗰ࢫࣛࢢࢆ୰ᚰ࡟ᴫ
せࢆ㏙࡭ࡿࠋ  
㸦㸯㸧ὸሙ࣭⁺♋㐀ᡂ  
 㕲㗰ࢫࣛࢢࡢὸሙ࣭₯ሐࡸ⁺♋㐀ᡂᮦ⏝ࡢ▼ᮦ࡜ࡋ࡚㸪㕲㗰ࢫࣛࢢࢆཎᩱ
࡜ࡋ࡚ࢥࣥࢡ࣮ࣜࢺ≧ࡢࣈࣟࢵࢡࡸேᕤ▼ᮦࢆ〇㐀ࡍࡿ᪉ἲ㸪ሢ≧ࡢ〇㗰ࢫ
ࣛࢢࢆ฼⏝ࡋ㸪ᾏ⸴ࡢ௜╔ᇶ┙࡜ࡋ࡚฼⏝ࡍࡿ᪉ἲࡀ㛤Ⓨࡉࢀ࡚࠸ࡿࠋ๓⪅
ࡢ౛࡜ࡋ࡚㸪Ⅳ㓟ᅛ໬య㸦☾ᑿࡽ  2000 ᖺ㸧㸪Ỉ࿴ᅛ໬య㸦ᯇỌࡽ  2004㸧ࡀ
࠶ࡾ㸪ྛᆅ࡛ࡢᐇドヨ㦂ࢆ⤒࡚ᐇ⏝໬ࡉࢀ࡚࠸ࡿࠋᚋ⪅࡟ࡘ࠸࡚ࡶྠᵝ࡟ᐇ
ドヨ㦂㸦ᐑ⏣ࡽ  2012㸧ࢆ⤒࡚ᐇ⏝໬࡟⮳ࡗ࡚࠸ࡿࠋ  
 ࡉࡽ࡟㸪〇㗰ࢫࣛࢢ୰࡟ྵ᭷ࡍࡿ࢝ࣝࢩ࣒࢘ᡂศ࡟╔┠ࡋࡓ㸪㌾ᙅὼ ᅵ
࡟ῧຍ࣭ΰྜࡋ࡚ᨵ㉁ࡍࡿᢏ⾡㸦࢝ࣝࢩ࢔ᨵ㉁ᢏ⾡㸧ࡶ㛤Ⓨࡉࢀ㸪㝣ᇦࡢᆅ
┙ᨵⰋᅵ࡜ࡋ࡚ࡢ฼⏝ࡢ࡯࠿㸪ὸሙ㐀ᡂ᫬ࡢ୰ワࡵᅵ࡞࡝࡬ࡢ฼⏝ࡀ㐍ࡳࡘ
ࡘ࠶ࡿ㸦Ọ␃ࡽ  2012㸧ࠋ  
 㕲㗰ࢫࣛࢢ௨እ࡛ࡣ▼Ⅳ⅊ࢆά⏝ࡋࡓ▼ᮦ࡟ࡼࡿᾏᗏᒣ⬦ᮦᩱ㸦㕥ᮌ  
2004㸧ࡸ㸪࣍ࢱࢸ࢞࢖㈅Ẇ࡞࡝ࢆ฼⏝ࡋࡓேᕤ㨶♋㸦ዟᮧࡽ  2003㸧࡞࡝ࡀ
㛤Ⓨࡉࢀ࡚࠸ࡿࠋ  
㸦㸰㸧そ◁࡞࡝ࡢᗏ㉁ᨵၿ  
 ᗏ㉁ᨵၿᮦᩱ࡜ࡋ࡚ࡣ㸪ὼ ᅵ◁㸪ࢲ࣒◁㸪㕲㗰ࢫࣛࢢ㸪▼Ⅳ⅊㐀⢏≀㸪
࠾ࡼࡧ࢝࢟Ẇ࡞࡝ࡀᣲࡆࡽࢀࡿࠋࡇࡢ࠺ࡕ㸪㕲㗰ࢫࣛࢢ㸪▼Ⅳ⅊㐀⢏≀㸪࠾
ࡼࡧ࢝࢟Ẇ࡟ࡘ࠸࡚ࡣ໬Ꮫⓗ࡞ᨵ㉁ຠᯝ࡟╔┠ࡋࡓ◊✲ࡀ㐍ࡵࡽࢀ࡚࠸ࡿࠋ  
 ఀ⸨ࡽࡣ㸪ᐇ㦂ᐊつᶍࡢᐇ㦂࡟࡚㸪〇㗰ࢫࣛࢢࡀᾏỈ୰ࡢ◲໬≀࡜཯ᛂࡋ
࡚⁐Ꮡ◲໬≀ࡀపῶࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ㸦ఀ⸨ࡽ  1997㸧ࠋ➹⪅ࡽࡣ㸪2003 
ᖺ 7 ᭶࡟㸪㟼ᒸ┴㟼ᒸᕷΎỈ ࡢ‴ዟ㒊㸦Fig. 1-1㸧࡟࠾࠸࡚㸪Fig. 1-2 ࡟
♧ࡍࡼ࠺࡟ሢ≧〇㗰ࢫࣛࢢ㸪ⰼᓵᒾሢ㸪ࢥࣥࢡ࣮ࣜࢺሢ㸦ᚄ 30㹼 40 mm㸧ࢆ
ࡑࢀࡒࢀෆᐜ✚ 12 L ࡢᐜჾ࡟ධࢀ࡚ᾏᗏ࡟タ⨨ࡋ㸪タ⨨ 2 ࣧ᭶ᚋࡢ㛫㝽Ỉ
୰ࡢ◲໬≀⃰ᗘࢆẚ㍑ࡋࡓࠋࡑࡢ⤖ᯝ㸪Fig. 1-3 ࡟♧ࡍࡼ࠺࡟㸪〇㗰ࢫࣛࢢ
ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไຠᯝࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡲࡓ㸪 2005 ᖺ 7 ᭶࡟㸪ᾏᗏ㸦Ỉ
῝ 20 m㸧࡟࠾࠸࡚㸪ሁ✚≀㈇Ⲵࡀ࠶ࡿ㣴Ṫሙࡢᾏᗏ㸦ᗈᓥ┴Ụ⏣ᓥ‴㧗⏣ 
Ἀྜࡢ࢝࢟⟁ୗ㸧࡟⢏ᚄ 30㹼 100 mm ࡢሢ≧ࢫࣛࢢࢆෆᐜ✚ 20 L ࡢᗏࢆᢤ
࠸ࡓᐜჾ࡟ධࢀ࡚タ⨨ࡋࡓ㸦Fig. 1-4㸧ࠋẚ㍑ᮦ࡜ࡋ࡚ྠ➼⢏ᚄࡢⰼᓵᒾࡶタ
⨨ࡋࡓࠋࡑࡢ⤖ᯝ㸪タ⨨ᚋ 1 ᖺ㛫࡟ࢃࡓࡾ Fig. 1-5 ࡟♧ࡍࡼ࠺࡟〇㗰ࢫࣛࢢ
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ࡢ㛫㝽Ỉࡢ⁐Ꮡ◲໬≀ࢆᢚไࡍࡿ࡜࡜ࡶ࡟㓟໬㑏ඖ㟁఩ࡀⰼᓵᒾ㛫㝽Ỉࡼࡾ
ࡶ㧗ࡃ࡞ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ㸦Miyata et al.  2009㸧ࠋࡇࡢ◊✲࡛ࡣᐇᾏᇦ
ࡢᗏἾࡸタ⨨ᚋ࡟ỿ㝆ࡋ࡚ࡃࡿሁ✚≀ࢆⓎ⏕※࡜ࡍࡿ⁐Ꮡ◲໬≀ࢆᢚไࡍࡿ
ࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡇࢀࡽࡢ◊✲࡟ࡼࡾ㸪〇㗰ࢫࣛࢢࡀᐇᾏᇦ࡟࠾࠸࡚ᗏ
ᒙỈ୰ࡢ⁐Ꮡ◲໬≀ࢆᢚไࡍࡿຠᯝࢆ᭷ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
 ࡉࡽ࡟ࡑࡢ࣓࢝ࢽࢬ࣒ࡶḟ➨࡟᫂ࡽ࠿࡟ࡉࢀ࡚ࡁࡓࠋHayashi ࡽࡣ◲໬≀
ࢆῧຍࡋࡓேᕤᾏỈ࡟㸪〇㗰ࢫࣛࢢࢆຍ࠼ࡿࡇ࡜࡟ࡼࡾ㸪〇㗰ࢫࣛࢢ࡟ྵࡲ
ࢀࡿ㕲ศ࡜◲໬≀࢖࢜ࣥࡀ཯ᛂࡋ㸪㕲ࡢ◲໬≀ࡀ⏕ᡂࡉࢀࡿ࡜࡜ࡶ࡟㸪㓟໬
ⓗ㞺ᅖẼ࡬ࡢࢩࣇࢺࡀಁ㐍ࡉࢀ㸪◲໬≀࢖࢜ࣥࡀ㓟໬ࡉࢀ㸪◲㓟࢖࢜ࣥࡀ⏕
ᡂࡉࢀࡿࡇ࡜ࢆ♧ࡋࡓ㸦Hayashi et al .  2013, Hayashi et al .  2014㸧ࠋKim ࡽ
ࡣࢫࣛࢢ୰ࡢ࣐ࣥ࢞ࣥࡀ◲໬Ỉ⣲ࢆ㓟໬ࡸ MnS ᙧᡂ࡟ࡼࡾ㝖ཤࡍࡿ࡜ሗ࿌
ࡋ࡚࠸ࡿ (Kim et al.  2012㸧ࠋOkada ࡽࡣ〇㗰ࢫࣛࢢࡢ୰ࡢ㕲࡜࣐ࣥ࢞ࣥࡀ◲
໬Ỉ⣲ࢆ㓟໬ࡍࡿࡇ࡜ࡸ FeS ࡢᙧᡂ࡟ࡼࡾ H2S ࢆ㝖ཤࡍࡿࡇ࡜ࢆぢฟࡋࡓ
(Okada et al.  2014)ࠋ  
 〇㗰ࢫࣛࢢࡢࡶ࠺ࡦ࡜ࡘࡢ໬Ꮫⓗຠᯝ࡜ࡋ࡚㸪࢔ࣝ࢝ࣜᡂศ࡟ࡼࡿ◲㓟㑏
ඖ⳦ࡢάᛶᢚไࡀᣲࡆࡽࢀࡿࠋ◲㓟㑏ඖ⳦ࡣ㧗 pH ᮲௳ୗ࡛ࡑࡢάືࡀᢚไ
ࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦O'Flaherty et al . 1998㸧ࠋ➹⪅ࡽࡶ㧗⅔Ỉ○ࢫ
ࣛࢢࢆ⏝࠸࡚㛫㝽Ỉࢆࡸࡸ࢔ࣝ࢝ࣜᛶ࡟ಖࡘࡇ࡜࡟ࡼࡾ◲໬Ỉ⣲ࡢⓎ⏕ࢆᢚ
ไࡋࡓࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ㸦ᐑ⏣ࡽ  2000㸧ࠋࡓࡔࡋ㧗⅔Ỉ○ࢫࣛࢢࡣ⮬㌟ࡀ
◲㯤ࢆྵ᭷ࡍࡿࡓࡵ㸪◲㯤౪⤥※࡟࡞ࡿྍ⬟ᛶࡀ࠶ࡾ㸪ࡇࡢⅬࡢᨵⰋࡀᚲせ
࡜⪃࠼ࡽࢀࡿࠋ〇㗰ࢫࣛࢢ࡟ࡘ࠸࡚ࡣ㸪୕ᮌࡽ࡟ࡼࡾ◲㓟㑏ඖ⳦ࡢάᛶᢚไ
ࢆ♧၀ࡍࡿ⤖ᯝࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸦୕ᮌࡽ  2011㸧ࠋࡇࡢ᪉ἲ࡟ࡘ࠸࡚ࡣ㐣๫
࡟࢔ࣝ࢝ࣜࢆ㧗ࡵࡿࡇ࡜ࡣ⏕ែ⣔࡟ᝏᙳ㡪ࢆ୚࠼ࡿࡇ࡜ࡸ㸪ᗏ㉁ࡢᛶ㉁ࡸᮦ
ᩱ࡜ࡢΰྜẚ࡞࡝࡟ࡼࡾ pH ࡀኚືࡋ࠺ࡿࡇ࡜࠿ࡽ㸪㐺ษ࡞ pH ࡢไᚚࡀ㔜
せ࡛࠶ࡿࠋ  
 ୍᪉㸪〇㗰ࢫࣛࢢ௨እࡢࣜࢧ࢖ࢡࣝᮦ࡛ࡣ㸪▼Ⅳ⅊㐀⢏≀ࢆ⏝࠸ࡓ◲໬Ỉ
⣲ᢚไ࡟ࡘ࠸࡚◊✲ࡀ㐍ࡵࡽࢀ࡚࠸ࡿࠋὸᒸࡽࡣ▼Ⅳ⅊㐀⢏≀࡟ࡼࡗ࡚◲໬
Ỉ⣲ࡀపῶࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ㸪ࡉࡽ࡟◲㯤ࡢ K Ẇ࡟㛵ࡍࡿ X ⥺྾཰ᚤ⣽
ᵓ㐀㸦XAFS㸧ศᯒ࡟ࡼࡾ▼Ⅳ⅊㐀⢏≀࠿ࡽ⁐ฟࡍࡿ Fe㸪Mn ࡀ◲໬Ỉ⣲࡜
཯ᛂࡍࡿࡇ࡜࠾ࡼࡧ㓟໬㞺ᅖẼࢆᙧᡂࡍࡿࡇ࡜࡟ࡼࡾ◲໬≀࢖࢜ࣥࡀ S㸪
S2O3㸪SO4 2 -࡞࡝࡟㓟໬ࡉࢀࡿ࡜㏙࡭࡚࠸ࡿ㸦Asaoka et al .  2009㸧ࠋࡲࡓ㸪
㓟໬࣐ࣥ࢞ࣥࡀ◲໬Ỉ⣲ࡢ㓟໬࡟ᐤ୚ࡋ࡚࠸ࡿ࡜࠸࠺ሗ࿌ࡶ࠶ࡿ㸦Asaoka et 
al.  2012㸧ࠋFe ࢖࢜ࣥ࡜◲໬≀࢖࢜ࣥࡀ཯ᛂࡋ㸪㯮ⰍỿẊ≀㸦 FeS㸧ࡀ⏕ᡂࡉ
ࢀࡓ࠶࡜㸪▷᫬㛫࡛ S㸦༢య◲㯤㸧࡟ኚ໬ࡍࡿ࡜࠸࠺⤖ᯝࡶሗ࿌ࡉࢀ࡚࠸ࡿ
㸦Schoonen and Barnes 1991㸧ࠋ  
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 ௚࡟ࡶ࢝࢟Ẇ࡟ࡘ࠸࡚ࡶྠᵝࡢሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡿ㸦Asaoka et al .  2009, 
Yamamoto et al . 2012㸧ࠋ  
㸦㸱㸧῝ᇼ㊧ᇙࡵᡠࡋ  
 ⏝࠸ࡿࣜࢧ࢖ࢡࣝᮦ࡜ࡋ࡚ࡣ㸪ὼ ᅵ◁㸪ࢲ࣒◁㸪㕲㗰ࢫࣛࢢ㸪▼Ⅳ⅊㐀
⢏≀㸪࢝࢟Ẇ࡞࡝ࡀᣲࡆࡽࢀࡿࠋὼ ᅵ㸪ࢲ࣒◁࠾ࡼࡧ〇㗰ࢫࣛࢢ࡟ࡘ࠸࡚
ࡣ୕Ἑ‴࡛ᐇドヨ㦂ࡀᐇ᪋ࡉࢀ࡚࠾ࡾ㸪࠸ࡎࢀࡶᮦᩱ࡜ࡶ㐺ษ࡞᪋ᕤ᮲௳ࡢ
ࡶ࡜࡛㐺⏝ྍ⬟࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿࠋࡇࡢ᪉ἲࡣከ㔞ࡢᇙࡵ❧࡚ᮦࡀ
ᚲせ࡜࡞ࡿࡓࡵ㸪ከ㔞࡟౪⤥ྍ⬟࡞ᮦᩱࢆ㑅ᢥࡍࡿᚲせࡀ࠶ࡿࠋࡉࡽ࡟㛗ᮇ
㛫ࢆせࡍࡿࡇ࡜ࡀㄢ㢟࡛࠶ࡿࠋ  
㸦㸲㸧㈋ᰤ㣴࣭☾↝ࡅᑐ⟇  
 ㈋ᰤ㣴ᾏᇦ㸪࡜ࡃ࡟㕲ᡂศࡀḞஈࡋࡓᾏᇦ࡟࠾࠸࡚㸪㕲ᡂศࢆຠᯝⓗ࡟౪
⤥ࡍࡿᢏ⾡࡜ࡋ࡚㸪〇㗰ࢫࣛࢢ࡜⭉᳜≀㉁ࢆ⤌ࡳྜࢃࡏࡓᮦᩱ࡟㛵ࡍࡿ◊✲
ࡀ㐍ࡵࡽࢀ࡚࠸ࡿ㸦ᒣᮏࡽ  2006㸧ࠋࡲࡓ㸪ࢧࣥࢦࡀṚ⁛ࡋࡓ☾↝ࡅᾏᇦࡢᅇ
᚟ᢏ⾡࡜ࡋ࡚㕲㗰ࢫࣛࢢⅣ㓟ᅛ໬యࢆࢧࣥࢦ௜╔ᇶ┙࡜ࡋ࡚㐺⏝ࡍࡿᢏ⾡ࡶ
ᐇドࡉࢀ࡚࠸ࡿ㸦Oyamada et al.  2009㸧ࠋ  
 㕲㗰ࢫࣛࢢ௨እ࡛ࡣ㸪㕲⢊࡜▼Ⅳ⅊࡜ࢡ࢚ࣥ㓟ࢆ⤌ࡳྜࢃࡏࡓ㕲౪⤥᪋⫧
ᮦࡀ㛤Ⓨࡉࢀ࡚࠸ࡿ㸦ᒣᮏࡽ  2014㸧ࠋ  
 
1.5.  㕲㗰ࢫࣛࢢࡢᴫせ  
 ୖグࡢࡼ࠺࡟㸪㏆ᖺ㸪㕲㗰ࢫࣛࢢ㸪࡜ࡃ࡟〇㗰ࢫࣛࢢ࡟ࡘ࠸࡚㸪ᾏᇦ⎔ቃ
ࢆᨵၿࡍࡿᮦᩱ࡜ࡋ࡚ࡢ◊✲ࡀάⓎ࡟㐍ࡵࡽࢀ࡚࠸ࡿࠋࡇࡇ࡛ࡣ㸪㕲㗰ࢫࣛ
ࢢࡢᴫせࡸ୺࡞⏝㏵࡟ࡘ࠸࡚㏙࡭ࡿࠋ  
 
1.5.1.  ⏕⏘ࣇ࣮ࣟ㸪Ⓨ⏕㔞  
 ୍⯡࡟ࢫࣛࢢࡣ㸪ྛ㔠ᒓࡢ㖔▼࠿ࡽ┠ⓗࡢ㔠ᒓࢆ㑏ඖ࣭⢭㘐ࡍࡿ㝿࡞࡝࡟
๪⏕ࡋ࡚࡛ࡁࡓࡶࡢ࡛࠶ࡿࡀ㸪ࡈࡳ࡞࡝ࢆ↝༷᪋タ࡛ฎ⌮ࡋࡓ㝿࡟Ⓨ⏕ࡍࡿ
ᗫᲠ≀ຍ⇕⁐⼥㉳※ࡢࡶࡢࡶࠕࢫࣛࢢ ࡜ࠖ࿧ࢇ࡛࠸ࡿ㸦㚩㗰ࢫࣛࢢ༠఍ 2014㸧ࠋ
㔠ᒓ〇㐀ᕤ⛬㉳※ࡢࢫࣛࢢࡣ㕲㗰ࢫࣛࢢ࡜㠀㕲㔠ᒓࢫࣛࢢ࡟ศࡅࡽࢀࡿࠋࡇ
ࡢ୰࡛㸪㕲㗰ࢫࣛࢢࡣ㸪㕲㗰〇ရࡢ〇㐀ᕤ⛬࡛⏕ࡲࢀࡓࡶࡢࢆᣦࡍࠋ㕲㗰ࢫ
ࣛࢢࡣ㸪㕲㖔▼࠿ࡽ㗰ࢆᚓࡿᕤ⛬࡛⏕ࡲࢀࡿ๪⏘≀࡛࠶ࡿࠋ㕲㗰ࢫࣛࢢࡢ✀
㢮ࡣ Fig. 1-6 ࡟♧ࡍ㏻ࡾ࡛㸪኱ูࡍࡿ࡜㸪㧗⅔ࢫࣛࢢ࡜〇㗰ࢫࣛࢢ࡟ศࡅࡽ
ࢀࡿࠋ  
 㧗⅔ࢫࣛࢢࡣ㸪㕲㖔▼࡟ྵࡲࢀࡿࢩࣜ࢝࡞࡝ࡢ㕲௨እࡢᡂศࡸ㑏ඖᮦ࡜ࡋ
࡚౑ࢃࢀࡿࢥ࣮ࢡࢫࡢ⅊ศࡀ㸪๪ཎᩱࡢ▼⅊▼࡜⤖ྜࡋࡓࡶࡢ࡛࠶ࡿࠋࡇࡢ
㧗⅔ࢫࣛࢢࡣ㖧㕲 1 t ࠶ࡓࡾ⣙ 290 kg ⏕ᡂࡉࢀࡿࠋ⁐⼥≧ែࡢࢫࣛࢢࢆ㧗
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ᅽỈ࡛྿〇ࡋ࡚〇㐀ࡋࡓỈ○ࢫࣛࢢ࠾ࡼࡧ㸪෭༷࣮ࣖࢻ࡟࡚⮬↛෭༷ࡋࡓ࠾
ࡼࡧ㐺ᗘ࡟ᩓỈ෭༷ࡋ࡚〇㐀ࡋࡓᚎ෭ࢫࣛࢢ࡟ศࡅࡽࢀࡿࠋ୍᪉㸪〇㗰ࢫࣛ
ࢢࡣ㸪኱ูࡋ࡚㌿⅔⣔〇㗰ࢫࣛࢢ࡜㟁Ẽ⅔⣔〇㗰ࢫࣛࢢ࡟ศࡅࡽࢀࡿࠋ๓⪅
ࡣ㧗⅔࡛〇㐀ࡋࡓ㖧㕲ࢆ㸪㗰࡟ࡍࡿ㝿࡟▼⅊࡞࡝ࡢ๪ཎᩱࢆຍ࠼࡚㓟⣲ࢆ྿
ࡁ㎸ࡳ㸪㖧㕲࡟ྵࡲࢀࡿⅣ⣲ࡸࣜࣥ㸪◲㯤࡞࡝ࢆྲྀࡾ㝖ࡃᕤ⛬࡛ᚓࡽࢀࡿࡶ
ࡢ࡛㸪⢒㗰 1 t ࠶ࡓࡾ⣙ 110 kg ⏕ᡂࡉࢀࡿࠋᚋ⪅ࡣ㕲ࢫࢡࣛࢵࣉࢆ⁐⼥࣭
⢭㘐ࡋࡓ࡜ࡁ࡟⏕ᡂࡍࡿࠋ  
 
1.5.2.   ᡂศ࡜⏝㏵  
 㕲㗰ࢫࣛࢢࡣ▼⅊㸦CaO㸧㸪ࢩࣜ࢝㸦SiO΃㸧㸪࢔࣑ࣝࢼ㸦Al΃O΄㸧㸪㓟໬࣐ࢢ
ࢿࢩ࣒࢘㸦MgO㸧㸪㓟໬㕲㸦 FeO㸧࡞࡝ࢆྵ᭷ࡋ࡚࠸ࡿࠋྛ㕲㗰ࢫࣛࢢࡢ⤌
ᡂ౛ (㚩㗰ࢫࣛࢢ༠఍  2014㸧ࢆ Table 1-1 ࡟♧ࡍࠋ  
 㧗⅔ࢫࣛࢢ࠾ࡼࡧ〇㗰ࢫࣛࢢࡢ඲ᅜ⏝㏵ู౑⏝㔞㸦 2012 ᖺᗘᐇ⦼㸧ࢆࡑࢀ
ࡒࢀ Fig. 1-7 ࠾ࡼࡧ Fig. 1-8 ࡟♧ࡍ㸦㚩㗰ࢫࣛࢢ༠఍⦅ ⎔ቃ㈨ᮦࢆࡶ࡜
࡟సᡂ㸧ࠋ㧗⅔ᚎ෭ࢫࣛࢢࡣ㸪Ỉ࡜཯ᛂࡋ࡚ᚎࠎ࡟ᅛࡲࡾ㸪᫬㛫࡜࡜ࡶ࡟ᙉᗘ
ࡀྥୖࡍࡿỈ◳ᛶࢆ᭷ࡋ࡚࠸ࡿࡓࡵ㸪኱ࡁ࡞ᨭᣢຊࡀᮇᚅ࡛ࡁࡿࡇ࡜࠿ࡽ㸪
◁฼ࡢ௦᭰ᮦ࡜ࡋ࡚㊰┙ᮦ࡟౑⏝ࡉࢀ࡚࠸ࡿࠋ⢓ᅵ࣭᭷ᶵ୙⣧≀ࢆྵࡲ࡞࠸
࡞࡝ࡢ฼Ⅼ࠿ࡽኳ↛㦵ᮦ࡜ྠᵝ࡟ࢥࣥࢡ࣮ࣜࢺ⏝⢒㦵ᮦ࡜ࡋ࡚ࡶ฼⏝ࡉࢀ࡚
࠸ࡿࠋ㧗⅔Ỉ○ࢫࣛࢢࡣ㸪ࢥࣥࢡ࣮ࣜࢺ⏝⣽㦵ᮦ࡞࡝࡜ࡋ࡚฼⏝ࡉࢀࡿࠋ࢔
ࣝ࢝ࣜ㦵ᮦ཯ᛂ㸦ࢥࣥࢡ࣮ࣜࢺࡢຎ໬⌧㇟ࡢࡦ࡜ࡘ࡛㸪࢔ࣝ࢝ࣜᛶࡢỈ⁐ᾮ
ࡀ㦵ᮦࡢ≉ᐃᡂศ࡜཯ᛂࡋࠊ␗ᖖ⭾ᙇࡸࡑࢀ࡟క࠺ࡦࡧ๭ࢀ࡞࡝ࢆᘬࡁ㉳ࡇ
ࡍ㸧ࢆ⏕ࡌࡿᜍࢀࡀ࡞࠸ࠋ㧗⅔Ỉ○ࢫࣛࢢࢆᚤ⢊○ࡋࡓ㧗⅔Ỉ○ࢫࣛࢢᚤ⢊
ᮎࡣ㸪ࢭ࣓ࣥࢺ࡜ΰྜࡍࡿࡇ࡜࡛ᬑ㏻ࢭ࣓ࣥࢺ㸦࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ㸧࡜
㐯Ⰽࡢ࡞࠸ᛶ⬟ࢆᣢࡘ㧗⅔ࢭ࣓ࣥࢺ࡜࡞ࡾ㸪㛗ᮇ㛫࡟ࢃࡓࡾᙉᗘࡀቑ㐍ࡉࢀ
ࡿ㸪Ỉ࡜ࡢ཯ᛂ᫬ࡢⓎ⇕㏿ᗘࡀᑠࡉ࠸㸪໬Ꮫⓗ࡞⪏ஂᛶࡀ㧗࠸㸪࡞࡝ࡢ≉ᚩ
ࢆά࠿ࡋ㸪 ‴࡞࡝ࡢ኱ᆺᅵᮌᕤ஦ࢆࡣࡌࡵᖜᗈࡃ౑ࢃࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺
࡟㸪㧗⅔ࢫࣛࢢࡣẚ㍑ⓗ㸪≀ᛶࡸ໬Ꮫ⤌ᡂ࡞࡝ࡢ≉ᛶࢆ฼⏝ࡋࡓ⏝㏵࡟⏝࠸
ࡽࢀ࡚ࡁࡓࠋ  
 〇㗰ࢫࣛࢢࡣ኱ࡁ࡞ᨭᣢຊࡀᮇᚅ࡛ࡁࡿࡇ࡜࠿ࡽ㸪㊰┙ᮦ࡜ࡋ࡚⏝࠸ࡽࢀ
࡚࠸ࡿࠋ⢏Ꮚᐦᗘ࡜◳ᗘࡀ㧗ࡃ⪏☻⪖ᛶ࡟ඃࢀ࡚࠸ࡿࡇ࡜࠿ࡽ㸪࢔ࢫࣇ࢓ࣝ
ࢺࢥࣥࢡ࣮ࣜࢺ⏝㦵ᮦ࡟౑⏝ࡉࢀ࡚࠸ࡿࠋࡲࡓ㸪ࡏࢇ᩿᢬ᢠゅࡀ኱ࡁࡃ⢏Ꮚ
ᐦᗘ࡜༢఩య✚㔜㔞ࡀ኱ࡁ࠸ࡇ࡜࠿ࡽ㸪ᅵᕤ⏝ᮦ࣭ᆅ┙ᨵⰋᮦ㸦ࢧࣥࢻࢥࣥ
ࣃࢡࢩࣙࣥࣃ࢖ࣝ⏝ᮦ㸧࡜ࡋ࡚ࡶ౑⏝ࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ㸪〇㗰ࢫࣛࢢࡣ⫧
ᩱ࡞࡝ࡢ୍㒊ࡢᑡ㔞ྥࡅ⏝㏵ࢆ㝖ࡁ㸪ࡑࡢ໬Ꮫ≉ᛶࢆ༑ศ࡟ά⏝ࡋࡓ⏝㏵ࡣ
㛤Ⓨࡉࢀ࡚ࡇ࡞࠿ࡗࡓࠋ  
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1.6.  ◊✲ࡢ┠ⓗ  
 1.4 ⠇࡟࡚㏙࡭ࡓࡼ࠺࡟㸪᪤ ࡢᗏ㉁ᨵၿࡸ◲໬Ỉ⣲Ⓨ⏕ᢚไ࡟㛵ࡍࡿ◊
✲࡛ࡣ㸪㕲㗰ࢫࣛࢢ࡟ࡼࡿ◲໬≀ᢚไ࡜ࡑࡢ࣓࢝ࢽࢬ࣒㸪ᐇᾏᇦ࡟࠾ࡅࡿᗏ
ᒙỈࡢ◲໬≀ᢚไຠᯝ㸪࠾ࡼࡧ▼Ⅳ⅊㐀⢏≀ࡸ࢝࢟Ẇ࡞࡝࡟ࡼࡿᗏἾࡢᗏ㉁
ᨵၿຠᯝ࡞࡝ࡀ᫂ࡽ࠿࡟ࡉࢀ࡚ࡁࡓࠋ  
 ᮏ◊✲࡛ࡣ㸪ᾏᗏ࡟ሁ✚ࡋࡓ࣊ࢻࣟ≧ࡢᗏἾ࠿ࡽࡢ⁐Ꮡ◲໬≀⏕ᡂ࡟㉳ᅉ
ࡍࡿ◲໬Ỉ⣲࡟ࡼࡿᝏ⮯ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿ㛢㙐ᛶᾏᇦࡢ〇㗰ࢫࣛࢢ࡟ࡼࡿ
ᗏ㉁ᨵၿ࡟㛵ࡋ࡚㸪〇㗰ࢫࣛࢢ࡟ࡼࡿ◲໬Ỉ⣲࢞ࢫࡀⓎ⏕ࡍࡿ࣊ࢻࣟ≧ᗏἾ
ࡢᨵ㉁ຠᯝ࠾ࡼࡧࡑࡢ㛗ᮇᣢ⥆ᛶࢆᐇ㦂ᐊつᶍ࠾ࡼࡧᐇᾏᇦつᶍ࡟ࡼࡾ᫂ࡽ
࠿࡟ࡍࡿࡇ࡜㸪ࡉࡽ࡟ࡑࢀ࡟௜㝶ࡍࡿຠᯝ࡜ࡋ࡚㸪㑏ඖⓗ࡞ᗏ㉁ࢆ㓟໬ⓗ࡟
ᨵ㉁ࡍࡿࡇ࡜࠾ࡼࡧ㓟⣲ᾘ㈝ࢆᢚไࡍࡿຠᯝࡢ▱ぢࡸᏘ⠇ᚠ⎔࡟㉳ᅉࡍࡿࢫ
ࣛࢢࡢ◲໬Ỉ⣲ᅛᐃ⬟ຊࡢ᚟ά࡟㛵ࡍࡿ᳨ドࢆᚓࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ  
 ᮏ◊✲ࡣ㸪〇㗰ࢫࣛࢢࡀᣢࡘ໬Ꮫ≉ᛶࢆά⏝ࡋࡓ㸪ἢᓊᾏᇦࡢᝏ໬ࡋࡓᗏ
㉁ࢆᨵၿࡍࡿࡓࡵࡢ᰿ᖿᢏ⾡࡟࡞ࡿࡇ࡜㸪ࡦ࠸࡚ࡣ㧗ᗘ⤒῭ᡂ㛗ᮇ࡟ኻࢃࢀ
ࡓ㇏࠿࡞ᾏᇦ⎔ቃࢆྲྀࡾᡠࡍࡇ࡜࡟㈉⊩ࡋ࠺ࡿᢏ⾡࡜ࡋ࡚㸪◊✲ࡍࡿ౯್ࡀ
㧗࠸࡜⪃࠼ࡿࠋ  
 
1.7.  ㄽᩥࡢᵓᡂ  
 ᮏㄽᩥࡣ㸪௨ୗࡢ㸴❶࡛ᵓᡂࡉࢀࡿࠋ  
 ➨㸯❶ࡣᗎㄽ࡛࠶ࡿࠋ◊✲ࡢ⫼ᬒ࠾ࡼࡧ┠ⓗࢆ㸪ࢃࡀᅜࡢᾏᇦ⎔ቃࡢ≧ἣ
࠾ࡼࡧ㕲㗰ࢫࣛࢢࡢ⎔ቃ㈨ᮦ࡜ࡋ࡚ࡢ฼⏝ࡢほⅬ࠿ࡽ㏙࡭ࡓࠋࡉࡽ࡟᪤ ࡢ
◊✲࡟ࡘ࠸࡚㸪㕲㗰ࢫࣛࢢࢆ⏝࠸ࡓᗏ㉁ᨵၿᢏ⾡ࢆ୰ᚰ࡟㸪㕲㗰ࢫࣛࢢ࠾ࡼ
ࡧ௚ࡢࣜࢧ࢖ࢡࣝᮦ࡟ࡼࡿᾏᇦ⎔ቃಟ᚟ᢏ⾡ࡢᴫせ࡟ࡘ࠸࡚㏙࡭ࡓࠋࡉࡽ࡟
᪤ ࡢ㕲㗰ࢫࣛࢢ࡟ࡼࡿ◲໬Ỉ⣲ᢚไࢆ୰ᚰ࡜ࡋࡓᗏ㉁ᨵၿᢏ⾡࡟㛵ࡍࡿ◊
✲࡟࠾࠸࡚㸪᫂ࡽ࠿࡟ࡉࢀ࡚࠸ࡿⅬ࡜ࡉࢀ࡚࠸࡞࠸Ⅼ࡟㛵ࡋ࡚ᩚ⌮ࡋࡓࠋ  
 ➨ 2 ❶ࡣ㸪〇㗰ࢫࣛࢢ࡟ࡼࡿ◲໬Ỉ⣲ᢚไᢏ⾡ࡢᐇᾏᇦ࡬ࡢ㐺⏝ࢆ᝿ᐃࡋ㸪
ᝏ⮯ࡀၥ㢟࡟࡞ࡗ࡚࠸ࡿᾏᇦࡢᗏ㉁ࢆ⏝࠸ࡓᐊෆᐇ㦂ࡢ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ
ࡇࡢᐇ㦂࡟ࡼࡾ㸪ᗏ㉁㛫㝽Ỉ㸪┤ୖỈ࡟࠾ࡅࡿ⁐Ꮡ◲໬≀ᢚไຠᯝ࠾ࡼࡧ◲
໬Ỉ⣲࢞ࢫⓎ⏕ᢚไຠᯝࢆ᫂ࡽ࠿࡟ࡋ㸪〇㗰ࢫࣛࢢ࡟ྵࡲࢀࡿ㕲ᡂศࡀ◲໬
≀ᢚไຠᯝ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࡋࡓࠋࡉࡽ࡟㸪ᚑ᮶࠿ࡽそ◁࡟⏝࠸ࡽ
ࢀ࡚ࡁࡓᮦᩱ࡛࠶ࡿኳ↛▼࡟ࡘ࠸࡚ࡶᐇ㦂ࢆ⾜࠸㸪ࢫࣛࢢࡢ࡯࠺ࡀ◲໬≀ᢚ
ไຠᯝ࡟࠾࠸࡚ኳ↛ᮦ࡟຾ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋ  
 ➨㸱❶ࡣ㸪〇㗰ࢫࣛࢢࡢ◲໬≀ᢚไຠᯝ࡟క࠸㓟⣲ᾘ㈝ࡀᢚไࡉࢀࡿຠᯝ
࡟ࡘ࠸࡚ᐊෆヨ㦂ࢆᐇ᪋ࡋ㸪ᐃ㔞ⓗ࡞㓟⣲ᾘ㈝ᢚไ㔞ࢆồࡵࡓࠋࡉࡽ࡟㸪ࡳ
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࠿ࡅࡢ㓟⣲ᾘ㈝ᢚไ࡟ຍ࠼㸪◲໬≀పῶ࡟ࡼࡿ᎘Ẽᛶ㞺ᅖẼࡢゎᾘ࠾ࡼࡧ⁐
Ꮡ㓟⣲ࡀవ๫ࡍࡿࡇ࡜࡟ࡼࡾ㸪᭷ᶵ≀ศゎࡀ㐍⾜ࡍࡿྍ⬟ᛶ࡟ࡘ࠸࡚ゝཬࡋ
ࡓࠋ  
 ➨㸲❶ࡣ㸪ᐇᾏᇦ࡛ࡢࢫࣛࢢ᪋ᕤ࡟ࡼࡿᗏ㉁ᨵၿຠᯝ࡟ࡘ࠸࡚㏙࡭ࡓࠋᗈ
ᓥ┴⚟ᒣᕷ࡟఩⨨ࡍࡿ⚟ᒣෆ ᆅ༊࡟࠾࠸࡚〇㗰ࢫࣛࢢࢆ᪋ᕤࡋ㸪⥅⥆ⓗ࡟
ࣔࢽࢱࣜࣥࢢㄪᰝࢆ⾜࠸㸪ᐇᾏᇦ࡟࠾ࡅࡿ〇㗰ࢫࣛࢢ࡟ࡼࡿ◲໬≀ᢚไຠᯝ
࠾ࡼࡧࡑࡢ㛗ᮇ⥅⥆ᛶ࡟ࡘ࠸᳨࡚ドࡋࡓࠋຍ࠼࡚ᗏ㉁ࡢ㓟໬㑏ඖ㟁఩ࡢྥୖ
࡞࡝ᗏ㉁ࡢ᎘Ẽᛶゎᾘ࣭ᨵၿຠᯝ࠾ࡼࡧ◲໬Ỉ⣲࢞ࢫ࡞࡝ࡢᝏ⮯Ⓨ⏕ᢚไຠ
ᯝ࡟ࡘ࠸࡚ࡶᐃ㔞ⓗ࡟᫂ࡽ࠿࡟ࡋࡓࠋࡉࡽ࡟෤Ꮨ࡟࠾ࡅࡿᗏ⏕⏕≀╔⏕ຠᯝ
࡟ࡘ࠸࡚㏙࡭ࡓࠋࡉࡽ࡟ࡇࢀࡽࡢᗏ㉁ᨵၿຠᯝ࡟ࡘ࠸࡚⪃ᐹࢆຍ࠼㸪◲໬≀
ࡢ⁐ฟᢚไຠᯝࡢ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ᚑ᮶▱ぢ࡜ࡢᩚྜᛶ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
 ➨㸳❶࡛➨㸯❶࠿ࡽ➨㸲❶ࡲ࡛ࡢ⥲ᣓࢆ⾜ࡗࡓࠋ  
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Fig.  1-1. Location of the on-site test at Shimizu Port in Shizuoka (Miyata 
et al . 2009).  
 
 
 
 
 
 
 
 
 
 
Fig.  1-2. Schematic diagram of the  on-site test to verify the effect  of the 
steelmaking slag on suppressing dissolved sulfide. Stone-shape concrete 
blocks, granite blocks, and steelmaking slag  were set on the sea bottom at 
the head of Shimizu Port,  Shizuoka (Miyata et al .  2009).  
Upper
Middle
Bottom
30-40 mm 260 mm
26
0 
m
m190 mm
  13 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1-3. Sulfide concentrations in overlying water, middle and bottom 
interstitial water in stone-shape concrete blocks, granite blocks , and 
steelmaking slag two months later the installation in July 2003. Cited 
from Miyata et al . (2009).  
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Fig.  1-4. Schematic diagram of the test conducted under the oyster 
culture raft . Etajima Bay, Hiroshima (Miyata et al.  2009). Stone-shape 
steelmaking slag and granite were put in 20 L containers, and installed 
on the sea bottom below oyster culture rafts  on July 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1-5. Temporal  changes of (a) sulfide concentration and (b) 
oxidation-reduction potential (ORP) in interstitial  water (Miyata et al .  
2009).  See Fig. 1-4 regarding the experimental settings.  
Oyster culture raft
Setting particles
Steelmaking slag
(30-100 mm)
Granite
(30-100 mm)
Layer of sediments
20 L 
container
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Fig. 1-6. Classification of iron and steel  slags. 
    (㚩㗰ࢫࣛࢢ༠఍  2014㸧  
 
Table 1-1. Typical  chemical composition of iron and steelmaking slags.  
    (㚩㗰ࢫࣛࢢ༠఍  2014㸧  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iron and steel 
slag
Blast furnace
slag
Steelmaking 
slag
Converter
slag
Electric arc
furnace slag
Granulated blast 
furnace slag
Air-cooled blast 
furnace slag
(Unit: %)
Electric arc
furnace slag Reducing slag
CaO 41.7 45.8 22.8 55.1 5.8 64.2
SiO2 33.8 11 12.1 18.8 59.6 22
T-Fe 0.4 17.4 29.5 0.3 3.1 3
MgO 7.4 6.5 4.8 7.3 2.8 1.5
Al2O3 13.4 1.9 6.8 16.5 17.3 5.5
S 0.8 0.06 0.2 0.4 - 2
P2O5 䠘0.1 1.7 0.3 0.1 - -
MnO 0.3 5.3 7.9 1 0.2 -
Andesite Ordinarycement
Blast furnace
slag
Electric arc furnace slag
Converter slag
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Fig. 1-7. Usage of blast furnace slag in 2012 in Japan  (Unit:  103 t) .  
    (㚩㗰ࢫࣛࢢ༠఍  2014㸧  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1-8. Usage of steelmaking slag in 2012 in Japan (Unit:  103 t) .  
   (㚩㗰ࢫࣛࢢ༠఍  2014㸧  
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➨ 2 ❶ 〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵ㉁ᗏἾ୰ࡢ◲໬≀ᢚไ࡟㛵ࡍࡿᐊෆヨ㦂  
࡟ࡼࡿ᳨ド  
 
2.1. ⥴ゝ  
 ᗈᓥ┴⚟ᒣᕷࡢ⚟ᒣ ‴ዟ㒊࡟఩⨨ࡍࡿ⚟ᒣෆ 㸦 Fig. 2-1㸧ࡣ㸪ᖜ 100 m
ዟ⾜ 2.2 km ࡛Ỉ῝ 2㹼 4 m ࡢ㐠Ἑ≧ࡢᾏᇦ࡛㸪ྵỈẚࡀ㧗ࡃ㸪᭷ᶵ≀ྵ᭷
㔞ࡢ㧗࠸ᗏἾ㸦࠸ࢃࡺࡿ࣊ࢻࣟ㸧ࡀሁ✚ࡍࡿᾏᇦ࡛࠶ࡿ (㧗ᶫࡽ  2010㸧ࠋ⚟
ᒣෆ ዟ㒊࡟ࡣྜὶᘧୗỈฎ⌮᪋タࡀ࠶ࡾ㸪኱㞵᫬࡟ᮍฎ⌮ୗỈࡀ㉺ὶࡍࡿࠋ
ࡇࡢࡓࡵ㸪ᱵ㞵᫬࡟ࡣ㉺ὶࡋࡓ᭷ᶵ≀ࡀෆ ᗏ㒊࡟ሁ✚ࡋ㸪‴ዟ㒊ࡢᗏᒙࡀ
㑏ඖⓗ࡟࡞ࡾ㸪◲㓟㑏ඖ࡟కࡗ࡚⏕ᡂࡉࢀࡿ◲໬Ỉ⣲࡟ࡼࡿᝏ⮯ࡀⓎ⏕ࡍࡿ
ࡇ࡜ࡀၥ㢟どࡉࢀ࡚࠾ࡾ㸪ࡑࡢ⎔ቃಟ᚟ࡀồࡵࡽࢀ࡚࠸ࡿࠋࡇࡢ❶࡛ࡣ㸪⚟
ᒣෆ ࡛ࡢࣇ࢕࣮ࣝࢻᐇドヨ㦂ࡢᐇ᪋ࢆぢᤣ࠼ࡓᐇ㦂ᐊつᶍࡢヨ㦂࡜ࡋ࡚㸪
⚟ᒣෆ ࠿ࡽ᥇ྲྀࡋࡓᗏἾ࡟ᑐࡋ࡚㸪〇㗰ࢫࣛࢢࢆୖ⨨ࡁࡲࡓࡣΰྜࡋ㸪Ἶ
࠿ࡽࡢ◲໬≀ᢚไ࠾ࡼࡧ◲໬Ỉ⣲࢞ࢫࡢⓎ⏕పῶຠᯝࢆ᳨ウࡋࡓ⤖ᯝ࡟ࡘ࠸
࡚㏙࡭ࡿࠋ  
 
2.2. ヨ㦂᪉ἲ  
2.2.1. ౑⏝ᮦᩱ  
 2010 ᖺ 9 ᭶࡟⚟ᒣෆ ዟ㒊ࡢᗏἾ㸦௨ୗ㸪༢࡟ࠕἾ ࡜ࠖ⛠ࡍࡿ㸧ࢆ᥇ྲྀࡋ㸪
ᐇ㦂࡟౪ࡋࡓࠋࡑࡢእほࢆ Fig. 2-2 ࡟㸪ᛶ≧ࢆ Table 2-1 ࡟♧ࡍࠋ◲໬≀⃰
ᗘࡣỈ⏘⏝Ỉᇶ‽㸦᪥ᮏỈ⏘㈨※ಖㆤ༠఍⦅㸪2000㸧ࡢୖ㝈್㸦 0.2 mg/g ஝
Ἶ㸧ࡢ 10 ಸ௨ୖࢆྵ᭷ࡋ㸪ᙉ࠸◲໬Ỉ⣲⮯ࢆⓎࡋࡓࠋࡲࡓ㸪COD ࡶỈ⏘⏝
Ỉᇶ‽ࡢୖ㝈್㸦 20 mg/g㸧௨ୖ࡛࠶ࡗࡓࠋᐇ㦂࡟⏝࠸ࡓ〇㗰ࢫࣛࢢ㸦௨ୗ㸪
༢࡟ࠕࢫࣛࢢ 㸧ࠖࡣ㸪 JFE ࢫࢳ࣮ࣝす᪥ᮏ〇㕲ᡤ〇࡛㸪⢏ᗘࢆ 5㹼 10 mm ࡟
ᩚ⢏ࡋࡓࡶࡢ࡛࠶ࡿ㸪ࢫࣛࢢࡢእほࢆ Fig.  2-3 ࡟㸪໬Ꮫ⤌ᡂࢆ Table 2-2 ࡟
♧ࡍࠋࢫࣛࢢࡣ㸪Fe㸪CaO㸪SiO2㸪Al2O3 ࡞࡝ࢆ୺ᡂศ࡜ࡋ㸪࡜ࡃ࡟ Fe ࠾
ࡼࡧ Ca ᡂศࡀከ࠸ࡢࡀ≉ᚩ࡛࠶ࡿࠋࡲࡓ㸪ࢫࣛࢢ࡜ࡢẚ㍑ࡢࡓࡵ㸪⢏ᗘࢆ 5
㹼 10 mm ࡟ᩚ⢏ࡋࡓኳ↛▼㸦ⰼᓵᒾ㸧ࡶ⏝࠸ࡓࠋ  
 
2.2.2. 〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵἾ୰ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไヨ㦂  
 ᮏヨ㦂ࡣ㸪ᗈᓥ┴➉ཎᕷࡢἢᓊ㒊࡟఩⨨ࡍࡿᗈᓥ኱Ꮫ➉ཎࢫࢸ࣮ࢩࣙࣥ
㸦Fig. 2-4㸧࡟࡚㸪 2011 ᖺ 10 ᭶ 5 ᪥࠿ࡽ 2012 ᖺ 3 ᭶ 27 ᪥ࡲ࡛ᐇ᪋ࡋࡓࠋ
ࢫࣛࢢࢆἾ࡟ୖ⨨ࡁ㸦そ◁㸧㸪ࡲࡓࡣἾ࡜ΰྜࡋࡓࠋ  
 ࡇࢀࡽࡣᐇᾏᇦ࡟ࢫࣛࢢࢆ㐺⏝ࡍࡿ㝿ࡢᐇ㝿ࡢ᪋ᕤ᪉ἲࢆ᝿ᐃࡋࡓࡶࡢ࡛
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࠶ࡿࠋ኱ᆺỈᵴ㸦ᐜ㔞 500 L㸧࡟ 30 L ᐜ㔞ࡢ෇ᰕᆺࡢỈᵴ (ෆᚄ 346 mm㸪
㧗ࡉ 320 mm)ࢆタ⨨ࡋࡓࠋ࠸ࡎࢀࡶỈ ࡣไᚚࡋ࡞࠿ࡗࡓࡀ㸪ྛỈᵴ㛫ࡢỈ
 ᮲௳ࡢᕪࢆ᭱ᑠ㝈࡟ಖᣢࡍࡿࡓࡵ㸪Fig.  2-5 ࡟♧ࡍࡼ࠺࡟኱ᆺỈᵴ࡟ᾏỈ
ࢆᑟධࡋࡓࠋヨ㦂༊ No. 1 ࡣ㸪Ỉᵴ࡟Ἶࢆ 15.0 L ィ㔞ࡋ࡚ධࢀࡓ㸦㧗ࡉ⣙
160 mm㸧ࡢࡕ㸪ࢫࣛࢢࢆ 3.0 L㸦✵㝽㎸ࡳ㸪㧗ࡉ⣙ 30 mm㸧ୖ⨨ࡁࡋࡓ㸦௨
ୗ㸪ࢫࣛࢢୖ⨨ࡁ༊㸧ࠋୖ⨨ࡁࡋࡓࢫࣛࢢࡣ⮬㔜࡛Ἶࡢ⾲ᒙ࡟ỿୗࡋࡓࡀ㸪ࢫ
ࣛࢢᒙࡢୖ㠃ࡀἾࡢ⾲㠃ࡼࡾࡶࡸࡸ㧗࠸఩⨨࡛␃ࡲࡗࡓ㸪ࡇࢀࡣ㏻ᖖࡣኳ↛
ᮦᩱ࡛⾜ࢃࢀࡿそ◁ࢆ᝿ᐃࡋࡓࡶࡢ࡛㸪ᾏᗏࡢἾ࡟ኳ↛◁ࡢ௦᭰࡜ࡋ࡚〇㗰
ࢫࣛࢢࢆୖ஌ࡏࡋࡓ≧ែࢆᶍᨃࡋࡓࠋヨ㦂༊ No. 2 ࡣ㸪3.0 L ࡢࢫࣛࢢࢆ 15.0 
L ࡢἾ࡜ΰྜࡋࡓ㸦௨ୗ㸪ࢫࣛࢢ࣭Ἶΰྜ༊㸧ࠋࡇࢀࡣᾏᗏ࡛ࡢ⌧ᆅΰྜࡲ
ࡓࡣ⯪ୖ࡟Ἶࢆᘬࡁୖࡆ࡚ࢫࣛࢢ࡜ΰྜࡋ㸪෌タ⨨ࡍࡿࡇ࡜ࢆᶍᨃࡋࡓࡶࡢ
࡛࠶ࡿࠋヨ㦂༊ No. 3 ࡣ㸪ヨ㦂༊ No. 1 ࡢẚ㍑࡜ࡋ࡚㸪ኳ↛▼ 3.0 L ࢆ 15.0 
L ࡢἾ࡟ୖ⨨ࡁࡋࡓ㸦௨ୗ㸪ኳ↛▼ୖ⨨ࡁ༊㸧ࠋヨ㦂༊ No. 4 ࡣ㸪ୖグ 3 ヨ
㦂༊ࡢᑐ↷࡜ࡋ࡚㸪 15.0 L ࡢἾࢆỈᵴ࡟ධࢀࡓ㸦௨ୗ㸪Ἶ༢య༊㸧ࠋࡇࢀࡽ
ࡢヨ㦂༊࡟ᑐࡋ࡚㸪➉ཎࢫࢸ࣮ࢩࣙࣥἈ࠿ࡽỮࡳୖࡆࡓ◁ࢁ㐣ᾏỈࢆ㟼࠿࡟
ᐜჾࡢୖ➃ࡲ࡛‶ࡓࡋࡓࡢࡕ㸪ࣃࢵ࢟ࣥ௜ࡁࡢୖ⵹ࢆ⿕ࡏ㸪㔜▼ࢆ⨨ࡃࡇ࡜
࡛እẼ࠿ࡽ㐽᩿ࡋࡓୖࠋ グ 4ヨ㦂༊࡟ࡘ࠸࡚ 1ヨ㦂༊࡟ࡘࡁ 3᳨యస〇ࡋࡓࠋ
⵹࡟ࡣ 4 mm ෆᚄࡢࢱ࢖ࢦࣥࢳ࣮ࣗࣈࢆ᥋⥆ࡋ㸪ࢁ㐣ᾏỈࢆ㏻Ỉࡋࡓࠋ⚟ᒣ
ෆ እ࠿ࡽὶධࡍࡿᾏỈࡢᖹᆒ⁫␃᫬㛫ࡢ᥎ᐃ್㸦 5㹼 6 ᪥㸹ᆤᕝࡽ  2010㸧
࡟ᇶ࡙ࡁ㸪㏻Ỉ㔞ࢆ 3.0 L/ ᪥࡜ࡋࡓࠋୖ⵹ࡢࣃࢵ࢟ࣥ࡟ᑠࡉ࠸㝽㛫ࢆタࡅ࢜
࣮ࣂ࣮ࣇ࣮ࣟࡉࡏࡓࠋ  
 ヨ㦂㛤ጞ 15㸪27㸪40㸪68㸪122 ࠾ࡼࡧ 172 ᪥ᚋ࡟ࢧࣥࣉࣝࢆ᥇ྲྀࡋ㸪ྛ
✀ ᐃࢆ⾜ࡗࡓࠋࡲࡎ㸪ୖ⵹࡜Ỉ㠃ࡢ㝽㛫ࡢẼ┦࡟ࡘ࠸࡚㸪ୖ⵹ࡢὀỈཱྀࡢ
ࢳ࣮ࣗࣈ࡟㸪࢞ࢫ᳨▱⟶㸦 4L㸪 4LK㸪 4LT, ࢞ࢫࢸࢵࢡ㸧ࢆ᥋⥆ࡋ࡚◲໬Ỉ
⣲࢞ࢫࢆ ᐃࡋࡓࠋࡑࡢᚋ㸪ୖ⵹ࢆྲྀࡾእࡋ࡚┤ୖỈ㸪ୖᒙࡢᗏ㉁㛫㝽Ỉ㸪
࠾ࡼࡧୗᒙࡢᗏ㉁㛫㝽Ỉࢆࡑࢀࡒࢀᗏ㉁ࡢ⾲㠃࠿ࡽ 80 mm ୖ㸪 10 mm ୗ㸪
࠾ࡼࡧ 80 mm ୗࡢ㧗ࡉ㸦Fig. 2-6 ࡢⅬ⥺ᯟ࡛♧ࡍ఩⨨㸧࡟࡚᥇ྲྀࡋࡓࠋ┤
ୖỈ࡟ࡘ࠸࡚ࡣ 50 ml ࢩࣜࣥࢪ࡟࡚㸪ᗏ㉁㛫㝽Ỉࡣᗏ㉁ࡈ࡜᥇ྲྀࡋ㸪࣏࢚ࣜ
ࢳࣞࣥ〇㐲ỿ⟶࡟ᗏ㉁ࢆධࢀ࡚㐲ᚰศ㞳ࡋ࡚ᢳฟࡋࡓࠋ᥇ྲྀࡋࡓᗏ㉁㛫㝽Ỉ
࠾ࡼࡧ┤ୖỈ࡟ࡘ࠸࡚Ỉ 㸦Ἶ 㸧㸪 pH㸦HM-30P㸪ᮾளࢹ࢕࣮ࢣ࣮ࢣ࣮㸧㸪
㓟໬㑏ඖ㟁఩㸦RM-30P㸪ᮾளࢹ࢕࣮ࢣ࣮ࢣ࣮㸧㸪࠾ࡼࡧ⁐Ꮡ◲໬≀㸦໭ᕝᘧ
᳨▱⟶ 200SA㸪 200SB㸪ග᫂⌮໬Ꮫ㸧ࢆ ᐃࡋࡓࠋ  
 
2.2.3 ᭷ᶵἾ࡟ᾐₕࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ  
 ⚟ᒣෆ ࡟࠾࠸࡚㸪2.2.2 ࡜ྠࡌ〇㗰ࢫࣛࢢࢆᐇᾏᇦࡢᗏἾ୰࡟ᾐₕࡋࡓࠋ
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4 ࣧ᭶㛫㸦 2011 ᖺ 8 ᭶࠿ࡽ 2011 ᖺ 12 ᭶㸧ᾐₕᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚ
࡟ࡘ࠸࡚㸪௜╔ࡋࡓἾࢆ࣮࣌ࣃ࣮ࢱ࢜ࣝ࡟࡚㍍ࡃ㝖ཤࡋ㸪㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾
㸫࢚ࢿࣝࢠ࣮ศᩓᆺ X ⥺ศගἲ㸦SEM-EDX㸪᪥ᮏ㟁Ꮚ㸧ࢆ⏝࠸࡚㸪Ca㸪Fe 
࠾ࡼࡧ S ࡢඖ⣲࣐ࢵࣆࣥࢢ࠾ࡼࡧ Fe㸪 S ྛඖ⣲࡟ࡘ࠸࡚⥺ศᯒ㸦⣙ 0.5 mm
㛫㝸࡛ 20 Ⅼ㸧ࢆ⾜ࡗࡓࠋ〇㗰ࢫࣛࢢࢆᾐₕࡋࡓἾ㸪࠾ࡼࡧẚ㍑ࡢࡓࡵ㸪Ἶ
࡜ΰྜࡋ࡚࠸࡞࠸ࢫࣛࢢ࡟ࡘ࠸࡚ࡶ Ca㸪Fe ࠾ࡼࡧ S ࡢඖ⣲࣐ࢵࣆࣥࢢࢆᐇ
᪋ࡋࡓࠋ  
 
2.3. 〇㗰ࢫࣛࢢ࡟ࡼࡿἾ୰ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไヨ㦂ࡢ⤖ᯝ  
2.3.1. pH ࡢ᥎⛣  
 ྛヨ㦂༊ࡢᗏ㉁㛫㝽Ỉ࠾ࡼࡧ┤ୖỈࡢỈ ࠾ࡼࡧ pH ࡢ⤒᫬ኚ໬ࢆ Fig. 
2-7 ࠾ࡼࡧ Fig. 2-8 ࡟♧ࡍࠋỈ ࡣヨ㦂ᮇ㛫୰㸪ὀධࢁ㐣ᾏỈࡢᏘ⠇ኚືࡢ
ᙳ㡪ࢆཷࡅ࡚ኚືࡋࡓࡀ㸪ྛ ヨ㦂༊㛫ࡢ ᗘᕪࡣ↓ࡃ㸪᮲௳ࡣᆒ୍࡛࠶ࡗࡓࠋ
ࢫࣛࢢୖ⨨ࡁ༊ࡢ pH ࡣ㸪ୖ ᒙᗏ㉁㛫㝽Ỉ࡛ࡣ 7.7㹼 8.3㸦ᖹᆒ್㸪௨ୗྠࡌ㸧㸪
ୗᒙ㛫㝽Ỉ࡛ࡣ 7.3㹼 8.0㸪┤ୖỈ࡛ࡣ㸪7.6㹼 8.2 ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ࣭Ἶΰ
ྜ༊࡛ࡣ㸪ୖᒙᗏ㉁㛫㝽Ỉ࡛ࡣ㸪 7.5㹼 8.3㸪ୗᒙ㛫㝽Ỉ࡛ࡣ 7.7㹼 8.5㸪┤ୖ
Ỉ࡛ࡣ㸪 7.5㹼 8.1 ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊ࡢ pH ࡣ㸪ୖᒙᗏ㉁㛫㝽Ỉ࠾
ࡼࡧୗᒙᗏ㉁㛫㝽Ỉࡣ 6.8㹼 7.3 ࡛㸪┤ୖỈ࡛ࡣ pH ࡣ 7.0㹼 7.7 ࡛᥎⛣ࡋࡓࠋ
Ἶ༢య༊ࡢ pH ࡣୖᒙᗏ㉁㛫㝽Ỉ࠾ࡼࡧୗᒙᗏ㉁㛫㝽Ỉࡣ 6.8㹼 7.3 ࡛᥎⛣ࡋ㸪
┤ୖỈࡣ 7.0㹼 7.4 ࡛᥎⛣ࡋࡓࠋ  
 
2.3.2. ⁐Ꮡ◲໬≀  
 ྛヨ㦂༊ࡢ┤ୖỈ࠾ࡼࡧᗏ㉁㛫㝽Ỉࡢ⁐Ꮡ◲໬≀⃰ᗘࡢ⤒᫬ኚ໬ࢆ Fig. 
2-9 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙᗏ㉁㛫㝽Ỉࡣ᳨ฟ㝈
⏺ (0.5㸧㹼 1.0 mg S/L㸪ୗᒙᗏ㉁㛫㝽Ỉ࡛ࡣ 0.6㹼 7 mg S/L㸪┤ୖỈ࡛ࡣ඲࡚
᳨ฟ㝈⏺ᮍ‶࡛᥎⛣ࡋࡓࠋࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪タ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙᗏ
㉁㛫㝽Ỉ㸪ୗᒙᗏ㉁㛫㝽Ỉ࠾ࡼࡧ┤ୖỈ࡟࠾࠸࡚඲᳨࡚ฟ㝈⏺ᮍ‶࡛᥎⛣ࡋ
ࡓࠋࡇࢀࡽ࡟ᑐࡋ㸪ኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪┤ୖỈࡣ᳨ฟ㝈⏺ᮍ‶࡟ᢚ࠼ࡽࢀ
ࡓࡶࡢࡢ㸪ୖᒙ㛫㝽Ỉࡣ 6㹼 21 mg S/L ࠾ࡼࡧୗᒙ㛫㝽Ỉࡣ 5㹼 70 mg S/L ࡢ
⁐Ꮡ◲໬≀ࡀ᳨ฟࡉࢀࡓࠋἾ༢య༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙ㛫㝽Ỉࡣ 15
㹼 57 mg S/L㸪ୗᒙ㛫㝽Ỉࡣ 16㹼 150 mg S/L㸪┤ୖỈࡣ 2㹼 10 mg S/L ࡢ⁐
Ꮡ◲໬≀ࡀ᳨ฟࡉࢀࡓࠋ  
 ୖグࡢ⤖ᯝࡼࡾ㸪ࢫࣛࢢୖ⨨ࡁ༊㸪ࡲࡓࡣࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪┤ୖỈ
୰ࡢ⁐Ꮡ◲໬≀ࡀ㸪Ἶ༢య༊࡜ẚ㍑ࡋ࡚ᢚไࡉࢀ㸪ࡉࡽ࡟ᗏ㉁㛫㝽Ỉ୰ࡢ⁐
Ꮡ◲໬≀ࡣኳ↛▼ୖ⨨ࡁ༊࠾ࡼࡧἾ༢య༊࡜ẚ㍑ࡋ࡚ⴭࡋࡃపῶࡍࡿࡇ࡜ࡀ
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☜ㄆࡉࢀࡓࠋࡑࡢຠᯝࡣヨ㦂ᮇ㛫ࡢ 6 ࣨ᭶㛫ᣢ⥆ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪
┤ୖỈ࡬ࡢ◲໬≀⁐ฟࡢᢚไຠᯝࡣㄆࡵࡽࢀࡓࡀ㸪ᗏ㉁㛫㝽Ỉ୰ࡢ◲໬≀ࡢ
ᢚไຠᯝࡣᑠࡉ࠿ࡗࡓࠋ  
 
2.3.3. 㓟໬㑏ඖ㟁఩  
 㓟໬㑏ඖ㟁఩ࡢ⤒᫬ኚ໬ࢆ Fig. 2-10 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࡛ࡣタ⨨┤
ᚋࢆ㝖ࡁ㸪ୖ ᒙᗏ㉁㛫㝽Ỉࡣ -130㹼 -60 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ -180㹼 -110 mV㸪
┤ୖỈࡣ 100㹼 300 mV ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪ୖᒙᗏ㉁㛫㝽
Ỉࡣ -240㹼 -50 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ -210㹼 -70 mV ࠾ࡼࡧ┤ୖỈ࡟࠾࠸࡚
85㹼 300 mV ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪タ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙᗏ㉁
㛫㝽Ỉࡣ -160㹼 -130 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ - 170㹼 -120 mV㸪┤ୖỈࡣ 100
㹼 300 mV ࡛᥎⛣ࡋࡓࠋἾ༢య༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖ ᒙᗏ㉁㛫㝽Ỉࡣ -170
㹼 -130 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ -180㹼 -130 mV㸪┤ୖỈࡣ -50㹼 80 mV ࡛᥎⛣
ࡋࡓࠋ  
 ୖグࡢ⤖ᯝࡼࡾ㸪ୖᒙᗏ㉁㛫㝽Ỉ࡟࠾࠸࡚ࡣ㸪ࢫࣛࢢୖ⨨ࡁ༊࡛ࡣ௚ࡢ 3
✀ࡢヨ㦂༊࡜ẚ㍑ࡋ࡚㓟໬㑏ඖ㟁఩ࡀ㧗࠸ഴྥࡀㄆࡵࡽࢀࡓࠋ┤ୖỈ࡟࠾࠸
࡚ࡣ㸪ࢫࣛࢢୖ⨨ࡁ༊㸪ࢫࣛࢢ࣭Ἶΰྜ༊㸪࠾ࡼࡧኳ↛▼ୖ⨨ࡁ༊ࡢྛヨ㦂
༊ࡣ㸪Ἶ༢య༊࡜ẚ㍑ࡋ࡚㧗࠸㓟໬㑏ඖ㟁఩࡛᥎⛣ࡋࡓࠋ୍᪉㸪ୗᒙ㛫㝽Ỉ
ࡣྛヨ㦂༊㛫࡟࠾࠸࡚᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ  
 
2.3.4. ◲໬Ỉ⣲࢞ࢫ  
 Ẽ┦ࡢ◲໬Ỉ⣲࢞ࢫ⃰ᗘࡢ᥎⛣ࢆ Fig.  2-11 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࠾ࡼ
ࡧࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪◲໬Ỉ⣲࢞ࢫࡣ୍㒊ࢆ㝖ࡁ᳨ฟ㝈⏺㸦 0.1 ppm㸧
ᮍ‶࡛࠶ࡗࡓࠋࡇࢀ࡟ᑐࡋ㸪ኳ↛▼ୖ⨨ࡁ༊ࡣ㸪 ᐃ᫬ᮇ࡟ࡼࡾࡤࡽࡘࡁࡣ
࠶ࡿࡀ㸪᳨ฟ㝈⏺ᮍ‶㹼 3.7 ppm ᳨▱ࡉࢀࡓࠋἾ༢య༊࡛ࡣ㸪᳨ฟ㝈⏺ᮍ‶
㹼 120 ppm ࡢ◲໬Ỉ⣲࢞ࢫࡀ᳨▱ࡉࢀࡓࠋ  
 ୖグࡢ⤖ᯝ࠿ࡽ㸪〇㗰ࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧ〇㗰ࢫࣛࢢ࣭Ἶΰྜ༊ࡢྛヨ
㦂༊࡟࠾࠸࡚㸪௚ࡢ 2 ✀ࡢヨ㦂༊࡜ẚ㍑ࡋ࡚◲໬Ỉ⣲࢞ࢫࡢⓎ⏕ᢚไຠᯝࡀ
ㄆࡵࡽࢀࡓࠋ  
 
2.4. Ἶ࡟ᾐₕࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ⤖ᯝ  
 ᐇᾏᇦࡢἾ୰࡟ᾐₕࡋᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢࡢ⢏Ꮚ⾲㠃࠾ࡼࡧἾࡢ㉮ᰝ
ᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝ࠾ࡼࡧ Ca㸪Fe㸪S ྛඖ⣲࣐ࢵࣆࣥࢢࡢ⤖ᯝࢆ
Fig. 2-12 ࠾ࡼࡧ Fig. 2-13 ࡟♧ࡍࠋࢫࣛࢢ⾲㠃࡟࠾࠸࡚ࡣ㸪Fe ࡜ S ࡢศᕸ
ࡣⰋࡃ୍⮴ࡋࡓࡀ㸪Ca ࡜ S ࡣ࡯࡜ࢇ࡝୍⮴ࡋ࡞࠿ࡗࡓࠋ୍᪉㸪Ἶࡣ Fe㸪S
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࠾ࡼࡧ Ca ࡣ࡯࡜ࢇ࡝ᆒ୍࡟ศᕸࡋ࡚࠾ࡾ㸪ࢫࣛࢢ⾲㠃ࡢࡼ࠺࡞ Fe ࡜ S ࡢ
ศᕸࡢ୍⮴ࡣぢࡽࢀ࡞࠿ࡗࡓࠋẚ㍑࡜ࡋ࡚Ἶ࡜᥋ゐࡉࡏ࡚࠸࡞࠸ᮍ཯ᛂࡢ〇
㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ⤖ᯝࢆ Fig. 2-14 ࡟♧ࡍࠋFe ࠾ࡼࡧ Ca ࡜ S ࡢศᕸࡣ࡯
࡜ࢇ࡝୍⮴ࡋ࡚࠸࡞࠿ࡗࡓࠋ  
 Fig. 2-12 ࡢ SEM ⏬ീୖ࡟♧ࡋࡓ 3 ᮏࡢ⥺ୖ࡟࠾࠸࡚ Fe ࠾ࡼࡧ S ࡢ⥺
ศᯒ㸦 1 ᮏࡢ⥺ࡈ࡜࡟⣙ 0.5 mm 㛫㝸࡛ 20 Ⅼ㸧ࢆ⾜ࡗࡓ⤖ᯝࢆ㸪Fig. 2-15 ࡟
S ࡜ Fe ࡢ㛵ಀ࡜ࡋ࡚♧ࡍࠋS ࡣ Fe ⃰ᗘࡀ㧗࠸㒊఩࡟࠾࠸᳨࡚ฟࡉࢀ㸪Fe ࡜
S ࡢࣔࣝẚࡀ 1 ࡼࡾࡶ኱ࡁ࠸ഴྥࡀ☜ㄆࡉࢀࡓࠋ  
 
2.5. ⪃ᐹ  
2.5.1.  〇㗰ࢫࣛࢢࡀ㛫㝽Ỉ࠾ࡼࡧ┤ୖỈ pH ࡟୚࠼ࡿᙳ㡪  
 ࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ࣭Ἶΰྜ༊࡜ࡶ㸪ୖᒙ㛫㝽Ỉ࠾ࡼࡧୗᒙ㛫㝽
Ỉࡢ pH ࡣ࠸ࡎࢀࡶἾ༢య༊࡜ẚ㍑ࡋ࡚㧗࠸್࡛᥎⛣ࡋࡓࡀ㸪᭱኱࡛ࡶ 8.5
࡛࠶ࡗࡓࠋ┤ୖỈ࡟ࡘ࠸࡚ࡶ᭱኱ 8.2 ࡜㏻ᖖࡢᾏỈ࡜ྠ⛬ᗘ࡛࠶ࡾ㸪Ỉ㓟໬
࣐ࢢࢿࢩ࣒࢘ࡢ⏕ᡂ࡟ࡼࡿ࠸ࢃࡺࡿⓑ⃮࣭ⓑỿ㸦⸨ཎࡽ  2001㸧ࡀ⏕ࡌࡿ್
㸦⣙ 9.5㸧࡟ࡣ⮳ࡽ࡞࠿ࡗࡓࠋpH ୖ᪼ࡀ㍍ᚤ࡛࠶ࡗࡓཎᅉ࡜ࡋ࡚㸪ప pH ࡢ
Ἶ㛫㝽Ỉ࡜ࢫࣛࢢ࡟㉳ᅉࡍࡿ࢔ࣝ࢝ࣜᛶࡢỈࡀ┦ẅࡋࡓࡇ࡜㸪࠾ࡼࡧ〇㗰ࢫ
ࣛࢢ࠿ࡽ⁐ฟࡋࡓ࢝ࣝࢩ࣒࢘࢖࢜ࣥࡢ୍㒊ࡀἾ୰ࡢࢩࣜ࢝࡞࡝ࡢᡂศ࡜ࡢỈ
࿴཯ᛂ࡟ࡼࡾᾘ㈝ࡉࢀࡓࡇ࡜ࡀ᥎ᐹࡉࢀࡿࠋ࡞࠾㸪ኳ↛▼ୖ⨨ࡁ༊࡟ࡘ࠸࡚
ࡶ┤ୖỈࡢ pH ࡀἾ༢య༊࡟ẚ࡭ࡸࡸ㧗࠸ࡀ㸪Ἶ㛫㝽Ỉࡢ┤ୖỈ࡬ࡢᣑᩓࢆ
≀⌮ⓗ࡟ᢚไࡋ࡚࠸ࡓࡓࡵ࡜᥎ᐹࡉࢀࡿࠋ  
 
2.5.2. 〇㗰ࢫࣛࢢ࡟ࡼࡿἾ୰ࡢ⁐Ꮡ◲໬≀పῶ࡟㛵ࢃࡿ཯ᛂ  
㸦㸯㸧Ἶ࠿ࡽࡢ◲໬≀⁐ฟ  
 ⚟ᒣෆ ࡢࡼ࠺࡟ᾏᗏ࡟᭷ᶵ≀ྵ᭷㔞ࡢ㧗࠸ᗏἾࡀሁ✚ࡍࡿሙᡤ࡟࠾࠸࡚㸪
ᾏᗏሁ✚≀୰࡛ࡢ◲໬≀ࡢ⏕ᡂࡣ㸪ձ㈋㓟⣲≧ែࡢᗏἾ୰࡟࠾࠸࡚㸪◲㓟㑏
ඖ⳦ࡢస⏝࡟ࡼࡾ㸪ᾏỈ୰ࡢ◲㓟࢖࢜ 㸦ࣥ SO4 2 -㸧ࢆ฼⏝ࡋ࡚◲໬Ỉ⣲ࡀ⏕ᡂ㸪
ղἾࡢᗏ㉁㛫㝽Ỉࡲࡓࡣ┤ୖỈ୰࡟⁐Ꮡ◲໬≀࡞࡝࡜ࡋ࡚⁐ゎ࣭⁐ฟࡍࡿ㸦㓇
஭  1998㸧ࡇ࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ◲㓟㑏ඖ⳦ࡢാࡁࡣ㑏ඖⓗ࡞᮲௳
࡛άⓎ໬ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Schoonen and Barnes 1991㸧ࠋ  
㸦㸰㸧ࢫࣛࢢ⾲㠃࠾ࡼࡧἾ୰ࡢ◲㯤࡜㕲ࡢศᕸ  
 〇㗰ࢫࣛࢢࡢ⾲㠃࡟ࡘ࠸࡚ࡣ㸪 Fig. 2-14 ࡢ⤖ᯝࡼࡾ◲໬㕲ࡀ⏕ᡂࡋ࡚࠸
ࡿྍ⬟ᛶࡀ㧗࠸࡜⪃࠼ࡽࢀ㸪ࡇࢀࡽࡢ⤖ᯝࡣ㸪◲໬ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮ࡜〇㗰
ࢫࣛࢢࢆ཯ᛂࡉࡏࡓ࠶࡜ࡢࢫࣛࢢ⾲㠃ࡢ EPMA ἲ࡟ࡼࡿඖ⣲࣐ࢵࣆࣥࢢ⤖
ᯝࡀࢫࣛࢢ⾲㠃㒊ศ࡛◲㯤㸦 S㸧࡜㕲㸦Fe㸧ࡢศᕸࡀⰋࡃ୍⮴ࡋࡓ㸦Hayashi 
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et al.  2013, Hayashi et al.  2014㸧ࡇ࡜࡜ྜ⮴ࡋࡓࠋ◲໬㕲ࡣ Fig. 2-17 ࡢ
⤖ᯝ࡛ Fe/S ࡢࣔࣝẚࡀ 1 ࡼࡾࡶ኱ࡁ࠿ࡗࡓࡇ࡜࠿ࡽ㸪FeS ࡀ୺య࡛㸪࠿ࡘ
Fe ࡀ S ࡟ᑐࡋ࡚㐣๫࡞≧ែ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
㸦㸱㸧㓟໬㑏ඖ㟁఩㸫 pH ᅗ࡟ࡼࡿᖹ⾮᫬ࡢ◲㯤Ꮡᅾᙧែࡢ᳨ウ  
 ◲໬≀࢖࢜ࣥ 20 ppm ࢆྵࡴேᕤᾏỈࡢ S ࡟㛵ࡍࡿ㓟໬㑏ඖ㟁఩㸫 pH ᅗ
㸦Hayashi et al.  2014㸧࡟Ἶ༢య༊ࡢୖᒙ㛫㝽Ỉࡢ pH ࡜㓟໬㑏ඖ㟁఩ࡢ⠊
ᅖࢆࡑࢀࡒࢀ㏣グࡋࡓᅗࢆ Fig. 2-16 ࡟♧ࡍࠋࡲࡓ㸪Fe 5 ppb ࡜⁐Ꮡ◲໬≀
࢖࢜ࣥ 20 ppm ࢆྵࡴேᕤᾏỈ୰ࡢ S ࡟ࡘ࠸࡚ࡢ㓟໬㑏ඖ㟁఩㸫 pH ᅗ
㸦Hayashi et al.  2014㸧࡟ࢫࣛࢢୖ⨨ࡁ༊ࡢୖᒙ㛫㝽Ỉࡢ pH ࡜㓟໬㑏ඖ㟁
఩ࡢ⠊ᅖࢆ㏣グࡋࡓᅗࢆ Fig. 2-17 ࡟♧ࡍࠋFig. 2-16 ࡼࡾ㸪㓟໬㑏ඖ㟁఩
ࡀప࠸㑏ඖ㞺ᅖẼ࡟࠾࠸࡚ࡣ㸪H2S(aq.)㸪HS㸫 (aq.)࡞࡝ࡢ⁐Ꮡ◲໬≀ࡀ S ࡢ
୺せ࡞Ꮡᅾᙧែ࡛࠶ࡾ㸪㓟໬㑏ඖ㟁఩ࡀ㧗࠸㓟໬㞺ᅖẼ࡟࠾࠸࡚ࡣ◲㓟࢖࢜
ࣥࡀ୺せ࡞ᙧែ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡿࠋࡲࡓ㸪Ἶ༢య༊ࡢୖᒙ㛫㝽Ỉࡣ㸪Fe Ḟ
ஈ≧ែ࡜௬ᐃࡍࡿ࡜ᖹ⾮᫬࡟ࡣ◲㓟࢖࢜ࣥࡀ S ࡢ୺せ࡞Ꮡᅾᙧែ࡜࡞ࡿࡀ㸪
⁐Ꮡ◲໬≀࡛࠶ࡿ H2S(aq.)࡜ HS㸫 (aq.))࡜ࡢቃ⏺࡟㏆࠸ࠋ୍᪉㸪Fig. 2-17 ࡼ
ࡾ Fe ࡢᏑᅾୗ࡛ࡣ㑏ඖ㞺ᅖẼୗ࡟࠾࠸࡚ࡣ H2S(aq.)㸪HS㸫 (aq.)࡛ࡣ࡞ࡃࣃ
࢖ࣛ࢖ࢺࡀ㸪㓟໬㞺ᅖẼୗ࡛ࡣ◲㓟࢖࢜ࣥࡀ୺せ࡞Ꮡᅾᙧែ࡜⪃࠼ࡽࢀࡿࠋ
ࡲࡓ㸪ࢫࣛࢢୖ⨨ࡁ༊ࡢୖᒙ㛫㝽Ỉࡣ㸪Ἶ༢య༊࡟ẚ࡭࡚㸪 pH ࡜㓟໬㑏ඖ
㟁఩ࢆ㧗ࡵࡿࡓࡵ㸪◲㓟࢖࢜ࣥࡀᖹ⾮᫬ࡢ୺せ࢖࢜ࣥ࡜࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋ
ࡉࡽ࡟㸪㑏ඖ㞺ᅖẼୗ࡛ࡶ⁐Ꮡ◲໬≀ࡀ୺せ࡞⏕ᡂ≀࡜࡞ࡾ࡟ࡃ࠸࡜᥎ᐹࡉ
ࢀࡿࠋ  
 ௨ୖࡼࡾ㸪ࢫࣛࢢୖ⨨ࡁ༊࡟ࡼࡾ㸦 1㸧ୖᒙ㛫㝽Ỉࡢ pH ࠾ࡼࡧ㓟໬㑏ඖ㟁
఩ࢆ㧗ࡵࡿࡇ࡜㸪࠾ࡼࡧ㸦 2㸧Fe ࡀ౪⤥ࡉࢀࡿࡇ࡜ࡢ 2 ࡘࡢせᅉ࡟ࡼࡾ㸪ᖹ
⾮᫬ࡢ S ࡢ୺せ࡞Ꮡᅾᙧែࡀኚ໬ࡍࡿࡇ࡜࡟ࡼࡾ㸪⁐Ꮡ◲໬≀ࡢ⏕ᡂࡀᢚไ
ࡉࢀࡿ࡜᥎ᐹࡉࢀࡿࠋ࡞࠾㸪Fig. 2-17 ࡟࠾࠸࡚ Fe ࡢᏑᅾୗ࡛㑏ඖ㞺ᅖẼ
ୗ࡟࠾࠸࡚ࡣࣃ࢖ࣛ࢖ࢺࡀ୺せ࡞⏕ᡂ≀࡛࠶ࡿࠋࡋ࠿ࡋ㸪ᗏ㉁୰ࡢ⁐Ꮡ◲໬
≀࡜㕲ࡢ཯ᛂ࡟࠾࠸࡚㸪୰㛫⏕ᡂ≀࡜ࡋ࡚◲໬㕲ࡀ⏕ᡂࡍࡿࡇ࡜ (㔠㇂ࡽ  
2009㸧㸪࠾ࡼࡧ Fig. 2-15 ࡟♧ࡋࡓࡼ࠺࡟ Fe ࡜ S ࡢᏑᅾẚࡀࣔࣝẚ࡛ Fe/S
Ӎ 1 ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪୰㛫⏕ᡂ≀࡛࠶ࡿ FeS ࡀ୺య࡛࠶ࡗࡓ࡜᥎ᐹࡉࢀࡿࠋ 
㸦㸲㸧〇㗰ࢫࣛࢢ࡜Ἶ୰ࡢ⁐Ꮡ◲໬≀ࡢ཯ᛂ  
 ➹⪅ࡽࡢࢢ࣮ࣝࣉࡣ㸪཯ᛂ⏕ᡂ≀ࡢ↓཯ᑕ X ⥺ᅇᢡศᯒ࠾ࡼࡧᨺᑕගศᯒ
ࢆ⾜ࡗࡓ⤖ᯝ࠿ࡽ㸪ୗグࡢᘧ㸦Thamdrup et al.  1994, Nanba et al㸪 2001㸧
࡟ࡼࡾ㸪◲໬㕲࠾ࡼࡧ༢య◲㯤ࡀ⏕ᡂࡋࡓ࡜᥎ᐃࡋ࡚࠸ࡿ㸦Hayashi et al .  
2013㸧ࠋ  
HS- + Fe2 + Ѝ  FeS + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-1) 
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HS- + 2Fe3 + ЍS0 + 2Fe2+ + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-2) 
ࡉࡽ࡟㓟⣲ࡀᏑᅾࡍࡿ᮲௳࡟࠾࠸࡚ࡣ㸪ୗグࡢ཯ᛂ࡟ࡼࡾ◲㓟࢖࢜ࣥࡀ⏕ᡂ
ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ  
HS- + 2O2 Ѝ  SO42 -  + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-3) 
FeS + 2O2 Ѝ  Fe2 + + SO4 2-   㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-4) 
 ᮏ◊✲࡟࠾࠸࡚ࡶ㸪ࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ࣭Ἶΰྜ༊࡟࠾࠸࡚㸪ᗏ
㉁㛫㝽Ỉࡸ┤ୖỈࡢ◲໬≀ࡀపῶࡋࡓࡇ࡜㸪Ẽ┦ࡢ◲໬Ỉ⣲࢞ࢫࡢⓎ⏕ࢆᢚ
࠼ࡓࡇ࡜㸪࠾ࡼࡧ 2.5.2(2) ࠾ࡼࡧ (3)  ࠿ࡽ㸪◲໬ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮ࡜〇㗰ࢫ
ࣛࢢࡢ཯ᛂ⏕ᡂ≀㸦Hayashi et al .  2013࣭Hayashi et al .  2014㸧࡜ྠᵝ࡟◲
໬㕲ࡀ⏕ᡂࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ௒ᚋ㸪ヲ⣽࡞᳨ウ࡟ࡼࡾ㸪Ἶ୰ࡢ S ࡸ Fe ࡢ
Ꮡᅾᙧែࢆ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿࠋ  
 
2.5.3. ኳ↛ᮦ࡟ࡼࡿそ◁࡜ࡢẚ㍑  
 ᮏヨ㦂࡟࠾࠸࡚㸪ẚ㍑ᮦ࡛࠶ࡿኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪Ἶ༢య༊࡜ẚ㍑ࡋ࡚㸪
┤ୖỈ୰ࡢ⁐Ꮡ◲໬≀⃰ᗘࡣపࡃ㸪ᨵၿຠᯝࡣㄆࡵࡽࢀࡓࡶࡢࡢ㸪ᗏ㉁㛫㝽
Ỉ࡟࠾࠸࡚ࡣἾ༢య༊࡜ࡢᕪ␗ࡀᑠࡉ࠸ࡇ࡜࠿ࡽ㸪⁐Ꮡ◲໬≀ࡢపῶຠᯝࡣ
ᑠࡉ࠸ࠋࡲࡓ㸪Ẽ┦୰ࡢ◲໬Ỉ⣲࢞ࢫ⃰ᗘࡣࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ࣭
ΰྜ༊ࡼࡾࡶ㧗࠿ࡗࡓࠋࡇࢀࡽࡢࡇ࡜࠿ࡽ㸪ኳ↛▼ࡣ≀⌮ⓗ⿕そຠᯝ࡟㝈ࡽ
ࢀ㸪〇㗰ࢫࣛࢢࡢࡼ࠺࡞Ἶ୰ࡢ◲໬≀ࡢᅛᐃࡸ㓟໬࡞࡝ࡢຠᯝࡣᮇᚅ࡛ࡁ࡞
࠸࡜ゝ࠼ࡿࠋ  
 
2.6. ➨ 2 ❶ࡢࡲ࡜ࡵ  
 ᗈᓥ┴⚟ᒣᕷࡢ⚟ᒣ ‴ዟ㒊࡟఩⨨ࡍࡿ㐠Ἑ≧ࡢᾏᇦ࡛࠶ࡿ⚟ᒣෆ ࡣ㸪
ྵỈẚࡀ㧗ࡃ᭷ᶵ≀ྵ᭷㔞ࡢ㧗࠸ᗏἾ㸦࠸ࢃࡺࡿ࣊ࢻࣟ㸧ࡀሁ✚ࡍࡿᾏᇦ࡛
࠶ࡾ㸪᫓࠿ࡽኟࡢ◲໬Ỉ⣲Ⓨ⏕࡟ࡼࡿᝏ⮯ࡀၥ㢟どࡉࢀ࡚࠸ࡿࠋᮏ◊✲࡛ࡣ㸪
⚟ᒣෆ ࡛ࡢࣇ࢕࣮ࣝࢻᐇドヨ㦂ࡢᐇ᪋ࢆぢᤣ࠼ࡓᐇ㦂ᐊつᶍࡢヨ㦂࡜ࡋ࡚㸪
⚟ᒣෆ ࠿ࡽ᥇ྲྀࡋࡓἾ࡟ᑐࡋ࡚㸪〇㗰ࢫࣛࢢࢆୖ⨨ࡁࡲࡓࡣΰྜࡋ㸪Ἶ୰
ࡢ⁐Ꮡ◲໬≀ࡢపῶຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋࡑࡢ⤖ᯝ㸪௨ୗࡢ▱ぢࡀᚓࡽࢀ
ࡓࠋ  
1㸧〇㗰ࢫࣛࢢࢆἾ࡟ୖ⨨ࡁࡲࡓࡣΰྜࡍࡿࡇ࡜࡟ࡼࡾ㸪┤ୖỈ࠾ࡼࡧᗏ㉁
㛫㝽Ỉࡢ⁐Ꮡ◲໬≀ࡀప఩࡜࡞ࡾ㸪◲໬≀ᢚไຠᯝࡀㄆࡵࡽࢀࡓࠋࡉࡽ࡟㸪
㓟໬㑏ඖ㟁఩ࡣୖ᪼ഴྥ࡜࡞ࡗࡓ࡯࠿㸪Ẽ┦࡬ࡢ◲໬Ỉ⣲࢞ࢫⓎ⏕ࡢపῶຠ
ᯝࡶ☜ㄆࡉࢀࡓࠋࡇࢀࡽࡢຠᯝࡣヨ㦂ᮇ㛫㸦 6 ࣨ᭶㸧୰⥅⥆ࡋࡓࠋࡲࡓ㸪ኳ
↛▼ࡣそ◁ຠᯝࡶ☜ㄆࡉࢀࡓࡀ㸪ᗏ㉁㛫㝽Ỉ୰ࡢ◲໬≀ࡢపῶຠᯝࡀᑡ࡞࠸
ࡇ࡜࠿ࡽ㸪≀⌮ⓗ࡞そ◁ຠᯝ࡟㝈ᐃࡉࢀࡿ࡜⪃࠼ࡽࢀࡓࠋ  
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2㸧ᐇᾏᇦࡢἾ୰࡟ᾐₕࡋ㸪ᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢࡢ⢏Ꮚ⾲㠃࠾ࡼࡧἾࡢ
㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝ࠿ࡽ㸪〇㗰ࢫࣛࢢ⾲㠃࡟࠾࠸࡚ FeS ࡀ⏕ᡂ
ࡋ࡚࠸ࡿ࡜᥎ᐹࡉࢀࡓࠋࡲࡓ㓟໬㑏ඖ㟁఩㸫  pH ᅗ࡟ࡼࡿ᳨ウ࠿ࡽ㸪〇㗰ࢫ
ࣛࢢୖ⨨ࡁ࡟ࡼࡾ㸦 1㸧ୖᒙ㛫㝽Ỉࡢ pH ࠾ࡼࡧ㓟໬㑏ඖ㟁఩ࢆ㧗ࡵࡿࡇ࡜㸪
࠾ࡼࡧ㸦 2㸧㕲ࡀ౪⤥ࡉࢀࡿࡇ࡜࡟ࡼࡾ㸪ᖹ⾮᫬ࡢ◲㯤ࡢ୺せ࡞Ꮡᅾᙧែࡀ
ኚ໬ࡋ㸪⁐Ꮡ◲໬≀ࡢ⏕ᡂࡀᢚไࡉࢀࡿ࡜᥎ᐹࡉࢀࡓࠋࡉࡽ࡟◲໬ࢼࢺࣜ࢘
࣒Ỉ⁐ᾮ࡜〇㗰ࢫࣛࢢࡢ཯ᛂࡢ▱ぢ࠿ࡽ㸦ᩥ⊩ᘬ⏝㸧㸪㕲ᡂศࡀ⁐ฟࡋ㸪ࢫࣛ
ࢢ⾲㠃࠾ࡼࡧἾ୰࡟◲໬㕲ࡀ⏕ᡂࡍࡿࡇ࡜࡟ࡼࡾ㸪◲໬≀ࢆᅛᐃࡋ࡚࠸ࡿྍ
⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋ  
3㸧௨ୖࡢࡇ࡜࠿ࡽ㸪◲໬Ỉ⣲࡟ࡼࡿᝏ⮯ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿᾏᇦ࡬ࡢ〇㗰
ࢫࣛࢢୖ⨨ࡁ㸦そ◁㸧ࡲࡓࡣΰྜ࡟ࡼࡿ⁐Ꮡ◲໬≀ࡸ◲໬Ỉ⣲࢞ࢫࡢ⏕ᡂᢚ
ไࡢᨵၿᢏ⾡࡜ࡋ࡚ࡢ᭷ຠᛶࡀ♧၀ࡉࢀࡓࠋ  
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Fig. 2-1. Location of Fukuyama inner harbor  where sediments for the 
present experiments were collected.  
 
 
 
 
 
 
 
 
 
 
Fig. 2-2. Organically enriched sediments collected at Fukuyama inner 
harbor.  
50 mm
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Table 2-1. Properties of organically enriched sediments at Fukuyama 
inner harbor.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-3. Appearance of steelmaking slag  sieved to 5–10 mm in diameter 
for use in the present experiments . 
 
 
Table 2-2. Chemical compositions of steelmaking slag  (mass %). 
 
 
 
 
13.41.233.2229.02.33340
Ig
(%)
. lossT-P
(mg/g)
T-N
(mg/g)
COD
(mg/g)(mg/g)
T-Sulfide Water content 
ratio(%)
16.0 26.7 30.1 5.5 7.9 4.5 3.5 1.1 0.1
T.Fe SiO2 CaO A䡈2O3 MnO MgO TiO2 SP2O5 Na2O K2O
- -
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Fig.  2-4. Takehara Marine Science Station and the outside experimental 
facilities, Hiroshima University, Takehara, Hiroshima . 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-5. Experimental setting scheme.  “Slag Capping”: 3.0 L of slag is 
placed on top of 15 L of sediment, “Slag Mixing” :  3.0 L of slag is mixed 
with the 15 l  of  sediment, “Natural Stone Capping”: 3.0 L of natural 
stone is placed on top of 15 L of sediment, “Control” :  A treatment 
consisting of only 15.0 L of sediment. Seawater is introduced to all the 
containers at the same flow rate of 3.0 L/day. 
Large 
size tank
Seawater
Overflow
Slag Capping Slag Mixing
Natural Stone 
Capping Control
30 l container Silty sediment sampled in 
Fukuyama inner harbor
Slag
Sea 
water
Natural 
stones
SeawaterSeawaterSeawater
OverflowOverflowOverflow
  33 
 
 
 
 
 
 
 
Fig. 2-6. Sampling positions of water and gas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-7. Temporal changes of temperature in (a) the overlying water and 
(b) the upper layer and (c)  the lower layer of the interstitial  water. ە  :  
Slag Capping, ڦ :  Slag Mixing,  ڹ :  Natural Stone Capping, ۍ :  Control.  
Error bars denote standard error (n =3) .  
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Fig. 2-8. Temporal changes of pH in (a) the overlying water and (b) the 
upper layer and (c) the lower layer of the interstitial water. ە :  Slag 
Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  Control.  
Error bars denote standard error (n =3) .  
6.0
7.0
8.0
9.0
10.0
0 50 100 150 200
day
pH
(a) Overlying seawater
6.0
7.0
8.0
9.0
10.0
0 50 100 150 200
day
pH
(b) Upper interstitial water
6.0
7.0
8.0
9.0
10.0
0 50 100 150 200
Day
pH
(c) Lower interstitial water
  35 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-9. Temporal changes of dissolved sulfide in (a) the overlying water 
and (b) the upper layer and (c) the lower layer of the interstitial water. 
ە :  Slag Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  
Control. Error bars denote standard error (n =3).  
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Fig. 2-10. Temporal changes of Eh in (a) the overlying water and (b) the 
upper layer and (c) the lower layer of the interstitial water. ە :  Slag 
Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  Control.  
Error bars denote standard error (n =3).  
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Fig. 2-11. Temporal changes of hydrogen sulfide gas concentrations in (a) 
high (0-250 ppm) range and (b) low range (0 -12 ppm) above the seawater. 
ە :  Slag Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  
Control.  Error bars denote standard error (n =3).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-12. (a) SEM image and EPMA elemental maps ((b):  Fe, (c):  S, and 
(d):  Ca) of the slag particle immersed in silty sediment. The slag particle 
was placed on the sediments at Fukuyama inner harbor in August 2011, 
and collected after four months (December 2011).  
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Fig. 2-13. (a)SEM image and EPMA elemental maps  ((b):  Fe, (c) :  S, and 
(d):  Ca) of the silty sediment after the slag particles were immersed in it .  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-14. (a)SEM image and EPMA elemental maps  ((b):  Fe, (c) :  S, and 
(d):  Ca) of the slag particle.  
 
(a) SEM Image (b) Fe
(c) S (d) Ca
Line1
Line
䠎
Line3
(a) SEM 
Image
(b) Fe
(c) S (d) Ca
  39 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-15. Relationship between S and Fe by surface line analysis of the 
slag immersed in silty sediment  (see the SEM image in Fig. 2 -12 
regarding LINE 1-3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2-16. Eh-pH diagram of sulfur in artificial seawater (Hayashi et al. 
2014). The pH/Eh range of the upper interstitial waters  in Control 
treatment is  plotted on the diagram.  
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Fig. 2-17. Eh-pH diagram of sulfur with iron in seawater (Hayashi et al . 
2014). The pH/Eh range of the upper interstitial waters  in Slag Capping 
is plotted on the diagram.  
 
 
 
Slag Capping
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➨ 3 ❶ 〇㗰ࢫࣛࢢ࡟ࡼࡿ㓟⣲ᾘ㈝పῶ  
 
3.1. ⥴ゝ  
 ๓❶࡛㏙࡭ࡓ〇㗰ࢫࣛࢢ࡟ࡼࡿᗏ㉁ࡢ◲໬≀పῶ࡟㛵ࡍࡿᐇ㦂ᐊෆ࡛ࡢ◊
✲ࢆ㐍ࡵࡿ୰࡛㸪㑏ඖᛶࡢ≀㉁࡛࠶ࡿ◲໬Ỉ⣲ࡢ⏕ᡂ཯ᛂࡀᢚ࠼ࡽࢀࡿࡇ࡜
࡟ࡼࡾ㸪◲໬Ỉ⣲࡟ࡼࡿ⁐Ꮡ㓟⣲ࡢᾘ㈝ࡀᢚไࡉࢀࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡓࠋ
᪤ ࡢ◊✲࡟࠾࠸࡚㸪ࡇࢀࢆᐇドࡋࡓ▱ぢࡣぢᙜࡓࡽ࡞࠸ࠋࡑࡇ࡛ᮏ❶࡛ࡣ㸪
ࢫࣛࢢ࡟ࡼࡿ⁐Ꮡ㓟⣲ᾘ㈝ᢚไຠᯝࡢᐇド࡜ᐃ㔞໬ࢆ≺࠸㸪ᇶ♏ヨ㦂ࢆᐇ᪋
ࡋࡓࠋ◲໬Ỉ⣲ࡣ㑏ඖ≀㉁࡛࠶ࡿࡢ࡛㸪〇㗰ࢫࣛࢢࢆᗏἾ࡟ୖ⨨ࡁࡍࡿࡇ࡜
࡟ࡼࡾ㸪◲໬≀࡟ࡼࡿ⁐Ꮡ㓟⣲ᾘ㈝ࡀపῶࡉࢀࡿ࡜⪃࠼ࡓࠋᮏ❶࡛ࡣ㸪〇㗰
ࢫࣛࢢ࡟ࡼࡿỈ୰ࡢ㓟⣲ᾘ㈝ࡢపῶ࡟ࡘ࠸࡚㸪ᐊෆᐇ㦂࡟ࡼࡾᐃ㔞໬ࡍࡿࡇ
࡜ࢆ┠ⓗ࡜ࡋࡓࠋ  
 
3.2. ᐇ㦂᪉ἲ  
ୗグࡢ㸳ࢣ࣮ࢫ࡛ヨ㦂ࢆ⾜ࡗࡓࠋ  
1)  Ἶ༢య㸹ᗏ㉁ᨵၿࡋ࡞࠸≧ែࡢᾏᗏࢆᶍᨃࠋ  
2)  ኳ↛▼ୖ⨨ࡁ㸦ኳ↛▼ཌࡳ 5 cm㸧  
3)  ࢫࣛࢢୖ⨨ࡁ㸦ࢫࣛࢢཌࡳ 5 cm㸧㸹Ἶ࡟ࢫࣛࢢࢆୖ⨨ࡁࠋࢫࣛࢢそ◁࡟
ࡼࡿᗏ㉁ᨵၿࢆᶍᨃࠋ  
4)  ࢫࣛࢢୖ⨨ࡁ㸦ࢫࣛࢢཌࡳ 10 cm㸧  
5)  ࢫࣛࢢ༢య㸦ࢫࣛࢢཌࡳ 5 cm㸧  
Fig. 3-1 ࡟♧ࡍᐇ㦂⿦⨨ࢆ⤌ࡳ❧࡚ࡓࠋ࢔ࢡࣜࣝࣃ࢖ࣉࢆࢦ࣒ᰦ࡛୧➃ࢆ
㛢ࡌࡓᐜჾ㸦ෆᑍ 76 mm ᚄ250㹼 300 mm 㧗ࡉ㸧࡟⚟ᒣෆ ࡛᥇ྲྀࡋࡓἾ㸪
〇㗰ࢫࣛࢢࢆධࢀ㸪ୖ㒊ࢆேᕤᾏỈ㸦Red Sea Salts ,  Red Sea ♫㸧࡛‶ࡓࡋ
ࡓࠋ  
ୖഃࡢࢦ࣒ᰦ࡟㸰ࡘࡢᏍࢆタࡅ࡚ࢱ࢖ࢦࣥࢳ࣮ࣗࣈ㸦ෆᚄ 3 mm㸧ࢆ㏻ࡋ㸪
∦ഃ࠿ࡽ࣌ࣜࢫࢱࣝࢸ࢕ࢵࢡ࣏ࣥࣉ㸦ࢱ࢖ࢸࢵࢡ㸧࡛ᾏỈࢆ㏻Ỉ㔞ࡀ୍ᐃ࡜
࡞ࡿࡼ࠺࡟㏻Ỉࡋ㸪ࡶ࠺∦᪉࠿ࡽྠ㔞ࡢᾏỈࢆ᤼ฟࡉࡏࡓࠋᾏỈཌࡣ 150 mm㸪
Ἶཌࡣ 50 mm ࡛ࡑࢀࡒࢀ୍ᐃ࡜ࡋࡓࠋ  
㏻Ỉ㔞ࡣ⣙ 430 ml /day㸦⁐Ꮡ㓟⣲౪⤥㔞ࡀ㐺ษ࡟࡞ࡿࡼ࠺ணഛヨ㦂ࢆ⾜
ࡗ࡚Ỵᐃ㸧࡜ࡋ㸪 ᗘࡣ 22Υ࡟ಖᣢࡋࡓୖࠋ ഃࡢࢦ࣒ᰦ࡟ ᐃ⏝ࡢᏍࢆタࡅ㸪
ูࡢࢦ࣒ᰦ࡛㛢ࡌࡓࠋ ᐃ᫬ࡢࡳ㸪ࡇࡢᏍ࡟⁐Ꮡ㓟⣲ィ㸦Multi9310, WTW㸧㸪
㓟໬㑏ඖ㟁఩ィ㸦KR5E, AS ONE㸧㸪 pH ィ㸦F-22, ᇼሙ〇సᡤ㸧ࡢྛࣉ࣮ࣟ
ࣈ㸪࠾ࡼࡧ⁐Ꮡ◲໬≀ ᐃ⏝໭ᕝᘧ᳨▱⟶㸦 200SA, 200SB㸪ග᫂⌮໬Ꮫ㸧
ࢆ㡰ḟᕪ㎸ࡳ㸪 ᐃࡋࡓࠋ  
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ࡲࡓ㸪ヨ㦂⤊஢ᚋ㸪ࢣ࣮ࢫ 1 ࠾ࡼࡧࢣ࣮ࢫ 2 ࡢᗏ㉁ࢆ඲㔞ᅇ཰ࡋ࡚ᡂศศ
ᯒࢆ⾜ࡗࡓࠋࢣ࣮ࢫ㸯࡟ࡘ࠸࡚ࡣ㸪஝⇱ᚋࡢἾࢆ⠠࠸┠ 0.425ȣm ࡢ⠠࠸࡟
㏻ࡋࡓࡢࡕ࡟☢㑅ࡍࡿࡇ࡜࡟ࡼࡾ㸪ࢫࣛࢢࢆ࡛ࡁࡿࡔࡅྲྀࡾ㝖࠸ࡓࡶࡢࢆศ
ᯒࡋࡓࠋᡂศศᯒ㡯┠ࡣ㸪඲Ⅳ⣲㸪᭷ᶵែⅣ⣲㸦௨ୗ POC ࡜␎グ㸧㸪඲❅⣲㸪
඲ࣜࣥ㸪඲㕲㸪ᙉ⇕ῶ㔞㸪ᗏ㉁ࡢ໬Ꮫ㓟⣲ᾘ㈝㔞㸦௨㝆㸪CODs e d㸧࠾ࡼࡧ඲
◲ ໬ ≀ ࡜ ࡋ ࡓ ࠋ ࡇ ࡇ ࡛ 㸪 ඲ Ⅳ ⣲ 㸪 POC ࠾ ࡼ ࡧ ඲ ❅ ⣲ ࡣ CHN ࢥ ࣮ ࢲ
㸦 JM1000HCN㸪J-SCIENCE㸧࡟࡚ ᐃࡋࡓࠋ඲ࣜࣥ㸪඲㕲㸪ᙉ⇕ῶ㔞㸪CODs e d
࠾ࡼࡧ඲◲໬≀ࡣᗏ㉁ㄪᰝἲ㸦⎔ቃ┬  2012㸧࡟ᚑ࠸㸪඲ࣜࣥࡣࣔࣜࣈࢹࣥ
㟷྾ගගᗘἲ㸦SWATT㸪 5ch ௙ᵝ㸪ࣅ࣮࢚ࣝࢸࢵࢡ㸧㸪඲㕲ࡣ ICP Ⓨගศග
ศᯒἲ㸦 730-ES㸪Varian㸧㸪ᙉ⇕ῶ㔞ࡣ 600Υ࡛ 2 ᫬㛫ᙉ⇕ࡍࡿ᪉ἲ㸪CODs e d
ࡣ㐣࣐ࣥ࢞ࣥ㓟࣒࢝ࣜ࢘࡟ࡼࡿ㓟⣲ᾘ㈝㔞ࢆồࡵࡿ᪉ἲ㸪࠾ࡼࡧ඲◲໬≀ࡣ
Ỉ⵨Ẽ⵨␃࡟ࡼࡾ◲໬Ỉ⣲ࢆศ㞳ࡋ࡚ࣚ࢘⣲⁲ᐃἲ࡟࡚ ᐃࡍࡿ᪉ἲ࡟࡚ 
ᐃࡋࡓࠋ࡞࠾㸪ศᯒᚲせ㔞ࡢ☜ಖࡢࡓࡵ㸪ྛࢣ࣮ࢫࡢ 3 ᳨యࢆࡲ࡜ࡵ࡚ 1 ࡘ
ࡢ᳨య࡜ࡋࡓࠋẚ㍑ࡢࡓࡵ㸪ヨ㦂࡟౪ࡋࡓᗏ㉁㸦ཎἾ㸪⚟ᒣෆ ᭱ዟ㒊࡟࡚
᥇ྲྀ㸧࡟ࡘ࠸࡚ࡶྠࡌ㡯┠࡟ࡘ࠸࡚ศᯒࢆ⾜ࡗࡓࠋ  
 
3.3. ᐇ㦂⤖ᯝ  
 ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡢ⤒᫬ኚ໬ࢆ Fig. 3-2 ࡟♧ࡍࠋヨ
㦂㛤ጞ⩣᪥௨㝆㸪Ἶ༢య༊࡛ࡣึᅇィ ᫬ࢆ㝖ࡁ㸪0 mg/L ࡛᥎⛣ࡋࡓࠋኳ↛
▼༊࡛ࡣ㸪0㹼 0.6 mg/L ࡛᥎⛣ࡋࡓࡀ㸪12᪥ᚋ࡟ 2.9 mg/L㸪22᪥ᚋ࡟ 3.8 mg/L
࡜㧗࠸್ࡀ᳨ฟࡉࢀࡓࠋࡇࢀࡽ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ ᐃᮇ㛫
㸦 16 ᪥㛫㸧࡟࠾࠸࡚ 0.7㹼 1.2 mg/L ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ㸪
ึᮇࡣ 5.0 mg/L ࡜㧗࠿ࡗࡓࡀ㸪22 ᪥ᚋ࡟࠸ࡗࡓࢇ 1 mg/L ࡲ࡛పୗࡋࡓࡀ㸪
ࡑࡢᚋ 2㹼 3 mg/L ࡲ࡛ቑຍࡋࡓࠋࢫࣛࢢ༢య༊࡛ࡣึᮇࡣ 1.8 mg /L ࡛࠶ࡗ
ࡓࡀ 20 ᪥ᚋࡲ࡛࡟࠿ࡅ࡚ 6㹼 7 mg/L ࡲ࡛ቑຍࡋࡓࠋ  
 Fig. 3-3 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ㓟໬㑏ඖ㟁఩ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ
༢య༊࡛ࡣ㸪ึᅇࡢ ᐃ㸦 2 ᪥ᚋ㸧ࢆ㝖ࡁ㸪 -190㹼 -150 mV ࡜ప఩࡟᥎⛣ࡋ
ࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪ึᅇࡢ ᐃ㸦 2 ᪥ᚋ㸧ࢆ㝖ࡁ㸪 -75 mV㹼 20 mV ࡛
᥎⛣ࡋࡓࠋࡇࢀࡽ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊ࡣ 150㹼 220 mV ࡜㧗఩࡟᥎
⛣ࡋࡓࠋࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ⁐Ꮡ㓟⣲ࡀపୗࡋࡓ 22 ᪥ᚋ㸦 -10 mV㸧
ࢆ㝖ࡁ㸪250㹼 310 㹫V ࡜㧗఩࡛᥎⛣ࡋࡓࠋࢫࣛࢢ༢య༊ࡶ 190㹼 230 mV ࡜
㧗఩࡟᥎⛣ࡋࡓࠋ  
 Fig. 3-4 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ⁐Ꮡ◲໬≀ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ༢
య༊࡛ࡣึᅇࢆ㝖ࡁ 0.5㹼 1 mg S/L ࡀ⥅⥆ࡋ᳨࡚ฟࡉࢀࡓࠋኳ↛▼༊࡛ࡣ㸪
18 ᪥ᚋࡢ ᐃ࡟࠾࠸࡚ 3.5 mg S/L ࡢ⁐Ꮡ◲໬≀ࡀ᳨ฟࡉࢀ㸪ࡑࢀ௨እ࡛ࡣ
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᳨ฟ㝈⏺㸦 0.5 mg S/L㸧ᮍ‶࡛࠶ࡗࡓࠋ୍᪉㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸪ࢫࣛ
ࢢ 10 cm ୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ༢య༊࡛ࡣ඲᳨࡚ฟ㝈⏺㸦 0.5 mg S/L㸧ᮍ‶
࡛࠶ࡗࡓࠋ  
Fig. 3-5 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ pH ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ༢య༊࡛
ࡣ 7.6㹼 8.3 ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ 7.9㹼 8.2 ࡛᥎⛣ࡋࡓࠋ୍᪉㸪
ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ 8.3㹼 8.6㸪ࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ༢
య࡛ࡣ 8.0㹼 8.5 ࡜౪⤥ᾏỈ࡟㏆࠸ pH ࡛᥎⛣ࡋࡓࠋ  
 ヨ㦂࡟⏝࠸ࡓඖࡢᗏ㉁㸦ཎἾ㸧࠾ࡼࡧᐇ㦂⤊஢ᚋ࡟ᅇ཰ࡋࡓࢣ࣮ࢫ㸯㸦Ἶ
༢య༊㸧࠾ࡼࡧࢣ࣮ࢫ㸱㸦ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸧ࡢᗏ㉁ࡢศᯒ⤖ᯝࢆ Table 
3-1 ࡟♧ࡍࠋࡇࡢ࠺ࡕ㸪POC ࠾ࡼࡧ඲❅⣲࡟ࡘ࠸࡚╔┠ࡍࡿ࡜㸪Ἶ༢య༊࡟
࠾࠸࡚ࡑࢀࡒࢀ 110㸪6.34 mg/g ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛
ࡣࡑࢀࡒࢀ 39㸪3.26 mg/g ࡜ᑠࡉ࠸್࡛࠶ࡗࡓ୍ࠋ ᪉㸪඲ࣜࣥ࠾ࡼࡧ඲㕲ࡣ㸪
Ἶ༢య༊࡟࠾࠸࡚ࡑࢀࡒࢀ 2.82 mg/g㸪 36000 mg/kg ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫ
ࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣࡑࢀࡒࢀ 6.00 mg/g㸪85000 mg/kg ࡜኱ࡁ࡞್࡛࠶ࡗ
ࡓࠋἾ࡜ࢫࣛࢢࢆศ㞳ࡋࡁࢀࡎ࡟ΰධࡋࡓࢫࣛࢢ⢏ࡢᙳ㡪ࢆཷࡅࡓྍ⬟ᛶࡀ
࠶ࡿࠋ௬࡟Ἶ༢య༊࡜ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊ࡢ඲ࣜࣥࡢศᯒ್ࡢᕪࢆ඲࡚ࢫ
ࣛࢢ⢏ࡢΰධศ࡜ࡍࡿ࡜㸪ࢫࣛࢢࡢΰධࡣ⣙ 25%࡜ぢ✚ࡶࡽࢀࡓࠋࢫࣛࢢࡢ
ΰධ⋡ࢆ 25%࡜ࡍࡿ࡜ྠ༊ࡢࢫࣛࢢ⢏ࢆ᤼㝖ࡋࡓᗏ㉁ࡢ POC㸪඲❅⣲࠾ࡼࡧ
඲㕲ࡣ㸪ࡑࢀࡒࢀ 52㸪 4.3 mg/g ࠾ࡼࡧ 55,000 mg/kg ࡜⟬ฟࡉࢀࡓࠋ  
 
3.4. ⪃ᐹ  
3.4.1.  㓟⣲ᾘ㈝せᅉࡢ᳨ウ  
 Ἶ༢య༊࡟࠾ࡅࡿ⁐Ꮡ㓟⣲ࡢᾘ㈝ࡣ㸪1) Ἶ୰ࡢ᭷ᶵ≀ࡢ㓟໬ศゎ཯ᛂ㸪2) 
Ἶ࡟㉳ᅉࡍࡿ⁐Ꮡ◲໬≀ࡢ㓟໬཯ᛂࡢ㸰ࡘࡀ⪃࠼ࡽࢀ㸪ࡑࢀࡒࢀ (3-1)ᘧ࠾ࡼ
ࡧ (3-2)ᘧ࡛♧ࡉࢀࡿ㸦Fig. 3-6㸧ࠋࡓࡔࡋ (3-1)ᘧࡣ᭷ᶵ≀୰ࡢⅣ⣲ࡢࡳ࡟╔┠
ࡋࡓ⡆␎ᘧ࡛࠶ࡿࠋ  
 
᭷ᶵ≀  + O2 Ѝ  n CO2 + m H2O㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-1) 
2 H2S + O2 Ѝ  2 H2O + 2 S0㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-2) 
 
 ࢫࣛࢢୖ⨨ࡁ༊࡟࠾࠸࡚ࡣ㸪 (3-1)ᘧ࠾ࡼࡧ (3-2)ᘧ࡟ຍ࠼ (3-3)-(3-5)ᘧ࡛♧
ࡉࢀࡿ 3) ࣓ࢱࣜࢵࢡ㕲ࡢ㓟໬཯ᛂࡀ⏕ࡌ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋࢫࣛࢢ༢య
༊࡛ࡣ㸪(3-3)-(3-5)ᘧࡢ཯ᛂࡢࡳࡀ㓟⣲ᾘ㈝ཎᅉ࡜࡞ࡗ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
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Fe Ѝ  Fe2 + + 2e-㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-3) 
Fe2+ + 2OH- Ѝ  Fe(OH)2㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃(3-4) 
 4Fe(OH)2 + O2 Ѝ  4FeO(OH) + 2H2O 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-5) 
 
3.4.2.  ྛヨ㦂ࢣ࣮ࢫ㛫ࡢ⁐Ꮡ㓟⣲ᾘ㈝ᣲື࠾ࡼࡧỈ㉁ኚ໬ࡢẚ㍑  
㸦㸯㸧ࢫࣛࢢୖ⨨ࡁࡢ᭷↓࡟ࡼࡿᕪ␗  
๓⠇࡛♧ࡋࡓࡼ࠺࡟㸪ࢫࣛࢢୖ⨨ࡁࢆ⾜ࢃ࡞࠸㸦Ἶ༢య༊㸧࡛ࡣ㸪⁐Ꮡ㓟
⣲⃰ᗘࡀ 0 mg/L ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪౪⤥ࡉࢀࡿ⁐Ꮡ㓟⣲ࢆ඲࡚ᾘ㈝ࡋᑾࡃ
ࡋࡓ࡜⪃࠼ࡽࢀࡿࠋ୍᪉㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ㸪⁐Ꮡ㓟⣲⃰ᗘࡀ 0.7
㹼 1.2 mg/L ࡟ಖࡓࢀ㸪⁐Ꮡ㓟⣲ࡣᾘ㈝ࡉࢀࡿࡀἾ༢య༊ࡢࡼ࠺࡟඲࡚ᾘ㈝ࡍ
ࡿࡇ࡜ࡀ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡟࠾࠸࡚㓟⣲ࡢᾘ
㈝㏿ᗘࡢపῶࡀㄆࡵࡽࢀࡓࠋࡇࡢ⌮⏤࡜ࡋ࡚ࡣ㸪ඛ࡟㏙࡭ࡓࡼ࠺࡟㸪◲໬≀
࢖࢜ࣥ㸦HS-㸧ࡣ 2 ౯㕲࢖࢜ࣥ࡜ࡢ཯ᛂ㸦 (3-6)ᘧ㸧࠾ࡼࡧ 3 ౯㕲࢖࢜ࣥ࡜ࡢ
཯ᛂ㸦㸦 3-7)ᘧ㸧࡟ࡼࡗ࡚◲໬㕲㸦FeS㸧ࡸ༢య◲㯤㸦 S0㸧࡜࡞ࡿ㸦 Canfield 1989, 
Howarth and Stewart  1992㸧ࡇ࡜࡟ࡼࡾ㸪┦ᑐⓗ࡟⁐Ꮡ◲໬≀࡟ࡼࡿ㓟⣲ᾘ
㈝཯ᛂࡀᢚ࠼ࡽࢀࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ  
 
HS㸫  㸩  Fe2㸩  Ѝ  FeS 㸩  H㸩  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-6) 
HS㸫  㸩  2Fe3㸩  Ѝ  S0 㸩  2Fe2㸩  㸩  H㸩 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-7)  
 
㸦㸰㸧ࢫࣛࢢཌࡳ࡟ࡼࡿ⁐Ꮡ㓟⣲⃰ᗘࡢᕪ␗ࡢ᳨ウ  
 ࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡜ẚ㍑ࡋ࡚⁐Ꮡ㓟⣲⃰
ᗘࡢኚືࡀ኱ࡁ࠿ࡗࡓࠋࡇࡢኚືࡢཎᅉ࡜ࡋ࡚ୗグࡀ⪃࠼ࡽࢀࡿࠋ๓༙㸦 5
㹼 15 ᪥㸧࡛ࡣἾ࠿ࡽ⁐ฟࡍࡿ◲໬≀࡜ࢫࣛࢢࡢ㕲࢖࢜ࣥ࡜ࡢ཯ᛂ㸦 (3-6)ᘧ
࠾ࡼࡧ㸦 3-7)ᘧ㸧ࡀ୺య࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪୰┙㸦 15㹼 22 ᪥㸧࡛ࡣࢫࣛࢢ࡟
ྵࡲࢀࡿ࣓ࢱࣜࢵࢡ㕲࡜⁐Ꮡ㓟⣲࡜ࡢ཯ᛂ㸦 (3-3)ᘧ -(3-5)ᘧ㸧ࡀ୺య࡞ࡗࡓࠋ
ᚋ༙㸦 22㹼 36 ᪥㸧࡛ࡣ࣓ࢱࣜࢵࢡ㕲ࡀῶᑡࡋ㸪ࡇࢀࡽࡢ཯ᛂࡢ㐍⾜ࡀ㐜ࡃ࡞
ࡗࡓྍ⬟ᛶࡀ࠶ࡿࠋ࡞࠾㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡟࠾࠸࡚ࡶ᭱⤊ ᐃ᪥㸦 16
᪥㸧࡟࠾࠸࡚ࡸࡸ⁐Ꮡ㓟⣲⃰ᗘࡀῶᑡഴྥ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪ࢫࣛࢢ 10 cm
ୖ⨨ࡁ༊࡜ྠᵝ࡞ᣲືࡀ⏕ࡌ࡚࠸ࡓྍ⬟ᛶࡀ࠶ࡿࠋ  
 
㸦㸱㸧ኳ↛▼࡜ࡢẚ㍑  
ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡜ኳ↛▼ୖ⨨ࡁ༊ࢆẚ㍑ࡍࡿ࡜㸪⁐Ꮡ㓟⣲⃰ᗘ࡟ࡘ࠸
࡚ࡣ㸪๓⪅࡛ࡣ 0.7㹼 1.2 mg/L ࡛᥎⛣ࡋࡓࡢ࡟ᑐࡋ㸪ᚋ⪅࡛ࡣ  0㹼 0.6 mg/L
࡜ࡸࡸప࠸್࡛᥎⛣ࡋࡓࡶࡢࡢ୍᫬ⓗ࡟㧗࠸್ࡶ᳨ฟࡉࢀࡓࡇ࡜࠿ࡽ㸪᫂☜
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࡞ࢫࣛࢢୖ⨨ࡁ༊ࡢඃ఩ᛶࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ୍᪉࡛㸪㓟໬㑏ඖ㟁఩࡟ࡘ
࠸࡚ࡣ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊ࡣኳ↛▼ୖ⨨ࡁ༊࡜ẚ࡭㸪㧗࠸್࡛᥎⛣ࡋࡓ
ࡇ࡜࠿ࡽ㸪ඃ఩ᛶࡀㄆࡵࡽࢀࡓࠋ⁐Ꮡ㓟⣲⃰ᗘ࡜㓟໬㑏ඖ㟁఩ࡢ⤖ᯝࡀᚲࡎ
ࡋࡶ୍⮴ࡋ࡞࠿ࡗࡓཎᅉࡣ᫂☜࡛ࡣ࡞࠸ࡀ㸪⁐Ꮡ㓟⣲ ᐃ᫬࡟ఱࡽ࠿ࡢ୙ල
ྜࡀ࠶ࡗࡓྍ⬟ᛶࡀ࠶ࡿࠋ  
࡞࠾㸪ኳ↛▼ୖ⨨ࡁ༊࡟࠾࠸࡚㸪⁐Ꮡ㓟⣲⃰ᗘࡸ⁐Ꮡ◲໬≀⃰ᗘࡀ୍᫬ⓗ
࡟㧗࠸್ࡀ⏕ࡌࡓཎᅉࡣ᫂☜࡛ࡣ࡞࠸ࡀ㸪࢔ࢡࣜࣝࣃ࢖ࣉෆࡢᾏỈࡢỈ㉁ࡀ
୙ᆒ୍࡛࠶ࡗࡓྍ⬟ᛶࡀ࠶ࡿࠋ୙ᆒ୍࡟࡞ࡿཎᅉ࡜ࡋ࡚ࡣ㸪⁐Ꮡ◲໬≀ࡀ┤
ୖỈ࡟ᣑᩓࡍࡿ㝿࡟ኳ↛▼ࡢ㛫㝽ࡢ࠺ࡕ㸪⢏Ꮚ㛫㝽ࡀẚ㍑ⓗ኱ࡁ࠸㒊఩ࢆ㏻
㐣ࡍࡿ࡞࡝ࡋ࡚୙ᆒ୍࡟ᣑᩓࡋࡓࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋ  
௨ୖࡢࡼ࠺࡟㸪ኳ↛▼ 5 cm ୖ⨨ࡁ༊࡟࠾࠸࡚そ◁ຠᯝࡣㄆࡵࡽࢀࡓࡀ㸪
㓟໬㑏ඖ㟁఩ࡀపࡃ㸪㑏ඖⓗ㞺ᅖẼࢆᨵၿࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓࠋࡇࡢཎ
ᅉࡣ㸪2.5.3㸪࡛㏙࡭ࡓࡼ࠺࡟㸪ኳ↛▼࡟ࡼࡿそ◁ࡣ⿕そຠᯝ࡟㝈ࡽࢀ㸪〇㗰
ࢫࣛࢢࡢࡼ࠺࡞Ἶ୰ࡢ◲໬≀ࡢᅛᐃࡸ㓟໬࡞࡝ࡢຠᯝࡀᮇᚅ࡛ࡁ࡞࠸ࡓࡵ࡜
⪃࠼ࡽࢀࡿࠋ  
 
3.4.3. 㓟⣲ᾘ㈝㔞ࡢ᳨ウ  
 ࢣ࣮ࢫ㸯㸦Ἶ༢య༊㸧㸪ࢣ࣮ࢫ 3㸦ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸧㸪࠾ࡼࡧࢣ࣮ࢫ 5
㸦ࢫࣛࢢ༢య༊㸧࡟ࡘ࠸࡚㸪ᐇ㦂㛤ጞᚋ t ᪥ᚋࡢ⁐Ꮡ㓟⣲ᾘ㈝㔞࡟㛵ࡋ࡚㸪
௨ୗࡢ≀㉁཰ᨭ (3-8)ᘧࡼࡾ⟬ฟࡋࡓࠋ  
 
 
㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-8)  
 
ࡇࡇ࡛㸪  
t:  Time (day)  
DOs w: DO concentration in flow seawater (mg/L )  
DOt: DO concentration in seawater in the pipe (mg/L)  
V0 : Overlying sea water volume in the pipe (L)  
v:  Flow rate of seawater (= 0 .45 L/day)  
Consumptiont: Consumption of DO (mg)  
 
࡛࠶ࡿࠋࡓࡔࡋ㸪Ỉࡢ౪⤥㏿ᗘ㸻Ỉࡢ᤼ฟ㏿ᗘ㸪┤ୖỈ⁐Ꮡ㓟⣲⃰ᗘ㸻᤼ฟ
Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘ࡜ࡳ࡞ࡋࡓࠋࡇࡢᘧࡢྑ㎶ࡣᐇ㦂㛤ጞ t ᪥ᚋࡢ඲㓟⣲౪⤥
㔞㸪ᕥ㎶ࡣ࡜ᐇ㦂⣔ෆ࡟␃ࡲࡿ⁐Ꮡ㓟⣲㔞㸪⣔እ࡟᤼ฟࡉࢀࡓ⁐Ꮡ㓟⣲㔞࠾
DOsw㺃V0+DOsw࣭v㺃t
= DOt࣭V0+ ѷ(DOt࣭v㺃Ǽt )+ Consumptiont
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ࡼࡧᾘ㈝ࡉࢀࡓ⁐Ꮡ㓟⣲㔞ࡢ࿴࡛࠶ࡿ㸪ࡲࡓ㸪Ἶ༢య࡟࠾࠸࡚ࡣ㸪⁐Ꮡ◲໬
≀ࡀ᳨ฟࡉࢀࡓࠋࡇࡢ◲໬≀ࡣ࣏ࣥࣉ࡟ࡼࡿ౪⤥Ỉࡢὶධ㏿ᗘࡀ㏿ࡅࢀࡤ㸪
ὶධỈ୰ࡢ㓟⣲࡟ࡼࡾ㸪 (3-2)ᘧ࡛⾲ࡉࢀࡿ㏻ࡾ㸪඲㔞㓟໬ࡉࢀࡿࡶࡢ࡜⪃࠼
ࡓࠋἾ༢యࡢヨ㦂༊࡜ࢫࣛࢢୖ⨨ࡁヨ㦂༊ࡢᕪ࠿ࡽ㸪⁐Ꮡ㓟⣲ᾘ㈝㔞ࡢపῶ
㔞ࢆィ⟬ࡋࡓࠋ  
⁐Ꮡ㓟⣲⃰ᗘ࠾ࡼࡧ⁐Ꮡ◲໬≀⃰ᗘ࠿ࡽィ⟬ࡋࡓ⤖ᯝࢆ Fig. 3-7 ࡟㸪1 ᫬
㛫࣭ 1 m2 ࠶ࡓࡾ࡟᥮⟬ࡋࡓ⤖ᯝࢆ Fig. 3-8 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࡛ࡶ㓟
⣲ࡣᾘ㈝ࡉࢀࡿࡶࡢࡢ㸪Ἶ༢య༊࡜ẚ㍑ࡋ࡚㸪100㹼 150 mg/m2/day㸦౪⤥ࡉ
ࢀࡓ㓟⣲ࡢ 12㹼 18%࡟┦ᙜ㸧ࡢ⁐Ꮡ㓟⣲ᾘ㈝ࢆపῶࡋࡓ࡜ぢ✚ࡶࡽࢀࡓࠋࢫ
ࣛࢢ༢య༊ࡣ᫬㛫ࡢ᥎⛣࡜࡜ࡶ࡟⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘࡣῶᑡࡋࡓࠋࢫࣛࢢ༢య
༊࡛ࡣඛ㏙ࡢࡼ࠺࡟ (3-3)-(3-5)ᘧ࡛♧ࡍ࣓ࢱࣜࢵࢡ㕲ࡢ㓟໬࡟క࠺㓟⣲ᾘ㈝
ࡀ⏕ࡌࡿࡀ㸪཯ᛂ㏿ᗘࡣᐇ㦂㛤ጞึᮇ࡟኱ࡁࡃ㸪᫬㛫࡜࡜ࡶ࡟ᑠࡉࡃ࡞ࡗࡓ
㸦཯ᛂࡀ཰᮰ࡋࡓ㸧ࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ  
௨ୖࡼࡾ㸪ࢫࣛࢢそ◁࡟ࡼࡾ㸪ᾏᗏࡢᗏἾ࠿ࡽ⁐Ꮡ㓟⣲ࡀᾘ㈝ࡉࢀࡿࡇ࡜
ࢆᢚ࠼ࡿᶵ⬟ࡀ࠶ࡿࡇ࡜ࡀᐃ㔞ⓗ࡟♧ࡉࢀࡓࠋ㢮ఝࡢ᪤ ࡢ◊✲ࡀぢᙜࡓࡽ
࡞࠸ࡇ࡜࠿ࡽ㸪ࢫࣛࢢそ◁ຠᯝࡢ᪂ࡓ࡞ᶵ⬟ࡀぢฟࡉࢀࡓ࡜ゝ࠼ࡿࠋ  
 
3.4.4.  ⁐Ꮡ㓟⣲ᾘ㈝せᅉࡢෆヂࡢ᳨ウ  
 ๓⠇࡛ồࡵࡓ⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘ㸦Fig. 3-8㸧࡟㛵ࡋ㸪᥎ᐹࡉࢀࡿ⁐Ꮡ㓟⣲
ᾘ㈝せᅉࡢෆヂ࡟ࡘ࠸࡚ Fig. 3-9 ࡟♧ࡍࠋDO ᾘ㈝㏿ᗘࡣ㸪Ἶ༢య༊㸪ࢫࣛ
ࢢ㸳  cm ୖ⨨ࡁ༊㸪࠾ࡼࡧࢫࣛࢢ༢య༊࡟ࡘ࠸࡚㸪ࡑࢀࡒࢀࡢヨ㦂㛤ጞ࠿ࡽ
13 ᪥ᚋ࡜ 17 ᪥ᚋ㸪 11 ᪥ᚋ࡜ 15 ᪥ᚋ㸪࠾ࡼࡧ 14 ᪥ᚋ࡜ 17 ᪥ᚋࡢᖹᆒ್ࢆ
♧ࡋࡓ㸬ᅗ୰ࡢ 1)㹼 3)ࡣࡑࢀࡒࢀ㸪Fig. 3-6 ࡟♧ࡋࡓ཯ᛂ࡟ᑐᛂࡋ࡚࠸ࡿࠋ
ඛ࡟㏙࡭ࡓࡼ࠺࡟Ἶ༢య༊࡟࠾࠸࡚ࡣ㸪᭷ᶵ≀ศゎ࡟ࡼࡿ㓟⣲ᾘ㈝㸦 1)ᘧ㸧
࠾ࡼࡧ⁐Ꮡ◲໬≀ࡢ㓟໬㸦 2)ᘧ㸧࡟ࡼࡾ⁐Ꮡ㓟⣲ࡀ඲࡚ᾘ㈝ࡉࢀࡓ࡜⪃࠼ࡽ
ࢀࡿ㸦୧⪅ࡢෆヂࡣᮏᐇ㦂࡛ࡣồࡵ࡚࠸࡞࠸㸧ࠋࡇࢀ࡟ᑐࡋࢫࣛࢢୖ⨨ࡁ༊࡟
࠾࠸࡚ࡣ㸪⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘࡀపῶࡉࢀ㸪⁐Ꮡ㓟⣲ࡀṧᏑࡋࡓࡇ࡜࡟ࡼࡗ࡚㸪
㓟໬㑏ඖ㟁఩ࡀ㧗ࡃಖࡓࢀ㸪◲໬≀ࡢ᪂ࡓ࡞⏕ᡂࡶᢚ࠼ࡽࢀࡓ࡜⪃࠼ࡽࢀࡿࠋ
ᚑࡗ࡚㸪ࢫࣛࢢୖ⨨ࡁ༊࡟࠾ࡅࡿ⁐Ꮡ㓟⣲ࡢ୺࡞ᾘ㈝せᅉࡣ㸪⁐Ꮡ◲໬≀ࡢ
㓟໬㸦 2)ᘧ㸧࡛ࡣ࡞ࡃ㸪ዲẼⓗ᭷ᶵ≀ศゎ㸦 1)ᘧ㸧࠾ࡼࡧ࣓ࢱࣜࢵࢡ㕲ࡢ㓟
໬㸦 3)ᘧ㸧࡛࠶ࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡿࠋ୍᪉㸪ࢫࣛࢢ༢య༊ࡢ㓟⣲ᾘ㈝せᅉࡀ
࣓ࢱࣜࢵࢡ㕲ࡢ㓟໬ࡢࡳ࡜⪃࠼ࡽࢀࡿࡓࡵ㸪ࢫࣛࢢୖ⨨ࡁ༊࡜ࢫࣛࢢ༢య༊
ࡢ⁐Ꮡ㓟⣲ᾘ㈝㔞ࡢᕪࡢ࡯࡜ࢇ࡝ࡀ㸪᭷ᶵ≀ศゎ࡟ࡼࡿ㓟⣲ᾘ㈝࡟㉳ᅉࡍࡿ
࡜⪃࠼ࡽࢀࡿࠋ  
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3.4.5. ࢫࣛࢢୖ⨨ࡁ࡟ࡼࡿ᭷ᶵ≀ศゎࡢಁ㐍  
 ヨ㦂ᚋࡢᗏ㉁ࡢศᯒ್㸦Table 3-1㸧ࡼࡾ㸪Ἶ༢యࡢ POC ࡣཎἾ࡜࡯ࡰྠ
ࡌ࡛࠶ࡾ㸪࡯࡜ࢇ࡝ኚ໬ࡋ࡚࠸࡞࠿ࡗࡓࠋࡇࢀ࡟ᑐࡋ࡚㸪ࢫࣛࢢୖ⨨ࡁ༊ࡣ
ࢫࣛࢢ⢏ΰධࢆ⪃៖ࡋ࡚ࡶࡇࢀࡽ࡜ẚ㍑ࡋ࡚⣙ 1/2 ࡜ⴭࡋࡃᑠࡉ࠿ࡗࡓࠋࡇ
ࡢ⤖ᯝ࠿ࡽ㸪ࢫࣛࢢୖ⨨ࡁ༊࡟࠾࠸࡚᭷ᶵ≀ศゎࡀ㐍⾜ࡋࡓࡇ࡜ࡀ♧၀ࡉࢀ
ࡿࠋ(3-1)ᘧ࡟ࡘ࠸࡚❅⣲ࢆྵࡵ࡚ヲ⣽࡟⾲ࡍ࡜ (3-9)ᘧ㸦Wijsman et al.  2002)
࡜࡞ࡿࡇ࡜࠿ࡽ㸪ࢫࣛࢢୖ⨨ࡁ༊࡟࠾࠸࡚඲❅⣲ࡀ㢧ⴭ࡟పῶࡋࡓࡇ࡜࠿ࡽ
ࡶྠᵝࡢࡇ࡜ࡀ♧၀ࡉࢀࡿࠋ  
 
(CH2O)x(NH3)y(H3PO4) + xO2 + yH+ 
  Ѝ  xCO2 + yNH4+HPO4 2 - + 2H+ +xH2O  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-9) 
 
 ᭷ᶵ≀ศゎࡀ㐍⾜ࡋࡓ⌮⏤࡜ࡋ࡚ࡣ㸪ࢫࣛࢢୖ⨨ࡁ༊࡛ࡣ㸪ᗏ㉁ࡀዲẼⓗ
࡟ᨵ㉁ࡉࢀ㸪┤ୖỈࡢ㓟໬㑏ඖ㟁఩ࡀ㸪Fig. 3-3 ࡟♧ࡍࡼ࠺࡟ 0㹼 320 mV
࡜㧗ࡃಖࡓࢀࡓࡇ࡜࡟ࡼࡾ㸪ዲẼⓗ᭷ᶵ≀ศゎࡀ㐍⾜ࡍࡿ㓟໬㑏ඖ㟁఩࡜࡞
ࡗࡓࡇ࡜㸪࠾ࡼࡧ⁐Ꮡ◲໬≀࡟ࡼࡿ㓟⣲ᾘ㈝ࡀᢚ࠼ࡽࢀࡓࡇ࡜࡟ࡼࡾ㸪᭷ᶵ
≀ศゎ࡟฼⏝ྍ⬟࡞వ๫ࡢ⁐Ꮡ㓟⣲ࡀᏑᅾࡋࡓࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋࡉࡽ࡟㸪
᭷ᶵ≀ศゎࡣ (4-9)ᘧ࡛♧ࡉࢀࡓ㓟⣲࡟ࡼࡿ᭷ᶵ≀ศゎࡔࡅ࡛࡞ࡃ㸪  Table 
3-2㸦Wijsman et al . 2002, బᒣࡽ  1988㸧࡟♧ࡋࡓ⬺❅཯ᛂ㸪࣐ࣥ࢞ࣥ࡟ࡼ
ࡿ␗໬ⓗ㑏ඖ㸪࠾ࡼࡧ㕲࡟ࡼࡿ␗໬ⓗ㑏ඖࡶ㐍⾜ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ  
 ୍᪉㸪Ἶ༢య༊࡟࠾࠸࡚ࡣ㸪㓟໬㑏ඖ㟁఩ࡀ -150 mV ๓ᚋ㸦Fig. 3-3㸧࡜
పࡃ㸪◲㓟㑏ඖ࡟ࡼࡿ᎘Ẽⓗศゎࡀ㐍⾜ࡍࡿ㓟໬㑏ඖ㟁఩㸦Table 3-2㸧࡛࠶
ࡗࡓࡇ࡜࠿ࡽ㸪ዲẼⓗ᭷ᶵ≀ศゎࡣ࡯࡜ࢇ࡝㐍⾜ࡋ࡞࠿ࡗࡓ࡜⪃࠼ࡽࢀࡿࠋ  
 
3.5. ➨㸱❶ࡢࡲ࡜ࡵ  
〇㗰ࢫࣛࢢ࡟ࡼࡿỈ୰ࡢ㓟⣲ᾘ㈝పῶᣲືࢆᐊෆᐇ㦂࡟ࡼࡾᐃ㔞໬ࡍࡿࡇ
࡜ࢆ┠ⓗ࡜ࡋ࡚㸪⚟ᒣෆ ࡢᗏἾ࡟〇㗰ࢫࣛࢢࢆୖ⨨ࡁࡋ㸪⁐Ꮡ㓟⣲ࡢ᥎⛣
࡞࡝ࢆ ᐃࡍࡿᐊෆᐇ㦂ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝ㸪ୗグࡢ▱ぢࡀᚓࡽࢀࡓࠋ  
1㸧Ἶ࡬ࡢࢫࣛࢢࡢୖ⨨ࡁ࡟ࡼࡾ㸪Ἶ࠿ࡽᾏỈ୰࡬ࡢ⁐Ꮡ◲໬≀ࡢ⁐ฟࡀᢚ
ไࡉࢀ㸪⁐Ꮡ㓟⣲⃰ᗘ࠾ࡼࡧ㓟໬㑏ඖ㟁఩ࡀ㧗ࡃ᥎⛣ࡋࡓࠋ୍᪉㸪Ἶ༢య࡛
ࡣ⁐Ꮡ㓟⣲⃰ᗘࡣ࡯ࡰࢮࣟ㸪㓟໬㑏ඖ㟁఩ࡶప఩࡛᥎⛣㸪ᾏỈ࡬ࡢ⁐Ꮡ◲໬
≀ࡢ⁐ฟࡀㄆࡵࡽࢀࡓࠋ  
2㸧ࢫࣛࢢୖ⨨ࡁ࡟ࡼࡿỈ୰ࡢ⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘࡢపῶ㔞ࡣ㸪 100㹼 150 
mg/m2/day㸦౪⤥ࡉࢀࡓ㓟⣲ࡢ 12㹼 18%࡟┦ᙜ㸧࡜ぢ✚ࡶࡽࢀࡓࠋ  
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3㸧ࢫࣛࢢୖ⨨ࡁ༊࡟࠾࠸࡚㸪ヨ㦂ᚋࡢἾ୰ࡢ POC ࠾ࡼࡧ඲❅⣲ࡀ኱ࡁࡃῶ
ᑡࡋࡓࡇ࡜࠿ࡽἾ୰ࡢ᭷ᶵ≀ศゎࡀ⏕ࡌࡓ࡜⪃࠼ࡽࢀࡓࠋࡇࡢ⤖ᯝࡣࢫࣛࢢ
ࡢᏑᅾ࡟ࡼࡗ࡚᭷ᶵ≀ศゎࡀಁ㐍ࡉࢀࡓࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ  
 ௨ୖ࠿ࡽ㸪〇㗰ࢫࣛࢢࡣ⁐Ꮡ㓟⣲ᾘ㈝పῶຠᯝࡀ࠶ࡿࡇ࡜ࡀᐃ㔞ⓗ࡟᫂ࡽ
࠿࡜࡞ࡗࡓࠋࡉࡽ࡟㸪ᗏ㉁ࢆ㓟໬ⓗ≧ែ࡟ᨵၿࡍࡿࡇ࡜ࡀ♧ࡉࢀࡿ࡜࡜ࡶ࡟㸪
ᗏ㉁ࡢ᭷ᶵ≀ศゎࡶ㐍⾜ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡿ࡞࡝㸪ࡇࢀࡲ࡛࡟↓࠸▱ぢࡀᚓ
ࡽࢀࡓࠋ  
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Fig. 3-1. Experimental setting scheme.  Transparent acrylic  pipes with 
74 mm in diameter and 250 mm or 300 mm in length were used. Sediment 
collected from Fukuyama Inner Harbor was p ut on the bottom of  the pipe 
with 50 mm in the height, and add steelmaking slag or natural stones 
were placed on the sediments . Seawater was introduced to all  the pipes at 
flow rate of 430 ml/day using a peristaltic pump. Temperature was set at 
22 Υ .  
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Fig. 3-2. Temporal changes of dissolved oxygen.  See Fig. 3-1 regarding the 
experimental settings.  Error bars denote standard error (n =3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-3. Temporal  changes of ORP.  See Fig. 3-1 regarding the 
experimental settings.  Error bars denote standard error (n =3).  
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Fig. 3-4. Temporal changes of dissolved sulfide.  See Fig. 3-1 regarding the 
experimental settings.  Error bars denote standard error (n =3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-5. Temporal changes of pH. See Fig. 3-1 regarding the experimental 
settings.  Error bars denote standard error (n =3).  
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Table 3-1. Characteristics  of the sediment used for the experiments . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-6. Supposed chemical reactions occur before and after an 
application of steelmaking slag  onto organically enriched sediments . 
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Fig. 3-7. Amount of dissolved oxygen consumption calculated with 
equation (3-8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-8. Dissolved oxygen consumption rate calculated with equation 
(3-8).  
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Fig. 3-9. Estimated DO consumption rates caused by various processes, 
supposed under the experiment conditions carried out in the present 
study. DO consumption in Control  is  composed of the processes 1) and 2). 
For 5 cm capping and slag without sediment, the processes 1) and 3) and 
the process 3) are considered to occur.  See Fig, 3-6 for the processes 1) ,  
2),  and 3).  
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Table 3-2. Decomposition processes of organic matter.  
(Wijsman 2002, బᒣࡽ  1998).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reaction
Aerobic 
decomposition
Dinitrification
Mn reduction
Fe reduction
Sulfate 
reduction
Methanogenesis
Reaction formula ORP
䡬200䡚0 mV
< 䡬200 mV
-100䡚400 mV
-200䡚200 mV
300䡚500 mV
(CH2O)x(NH3)y(H3PO4) + yH+
䊻 1/2xCO2 +1/2xCH4 + yNH4+ + HPO42+ +2H+
(CH2O)x(NH3)y(H3PO4) + xO2+yH+
䊻 xCO2 +yNH4+ + HPO42+ +2H+ +xH2O
(CH2O)x(NH3)y(H3PO4) + 4/5xNO3+ +(4/5x+y)H+
䊻 xCO2 +yNH4+ + HPO42+ +2/5xN2 + 7/5xH2O
(CH2O)x(NH3)y(H3PO4) + 2xMnO2 +(4x+y)H+
䊻 xCO2 +2xMn2+ + yNH4+ + HPO42+ +2H+ + 3xH2O
(CH2O)x(NH3)y(H3PO4) + 4xFe(OH)3 +(8x+y)H+
䊻 xCO2 +4xFe2+ + yNH4+ + HPO42+ +2H+ + 11xH2O
(CH2O)x(NH3)y(H3PO4) + 1/2xSO42- +(1/2x+y)H+
䊻 xCO2 +1/2xH2S + yNH4+ + HPO42+ +2H+ + xH2O
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➨ 4 ❶ ᐇつᶍヨ㦂࡛ࡢ〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵ㉁ᗏἾ୰ࡢ◲໬≀ᢚไ  
 
4.1. ⥴ゝ  
᭷ᶵ≀ྵ㔞ࡀ㧗ࡃ◲໬Ỉ⣲ࡀⓎ⏕ࡍࡿᗏἾ࡟ᑐࡍࡿ〇㗰ࢫࣛࢢࡢ㐺⏝࡟ࡘ
࠸࡚㸪➨ 2 ❶࡛ࡣ㸪ᐇᾏᇦ࠿ࡽ᥇ྲྀࡋࡓἾ࡟〇㗰ࢫࣛࢢࢆୖ⨨ࡁࡲࡓࡣΰྜ
ࡍࡿࡇ࡜࡟ࡼࡾ㸪┤ୖỈ࠾ࡼࡧᗏἾ㛫㝽Ỉ୰ࡢ⁐Ꮡ◲໬≀⃰ᗘࡀపୗࡍࡿࡇ
࡜㸪Ẽ┦࡬ࡢ◲໬Ỉ⣲࢞ࢫࡢⓎ⏕ᢚไຠᯝࡀㄆࡵࡽࢀࡿࡇ࡜㸪࠾ࡼࡧࡇࢀࡽ
ࡢຠᯝࡀᑡ࡞ࡃ࡜ࡶヨ㦂ᮇ㛫࡛࠶ࡿ 6 ࣨ᭶⥅⥆ࡍࡿࡇ࡜࡞࡝ࢆ☜ㄆࡋࡓࠋ➨
3 ❶࡛ࡣࢫࣛࢢୖ⨨ࡁ࡟ࡼࡾἾ࡟ࡼࡿ㓟⣲ᾘ㈝ࡀపῶࡍࡿࡇ࡜ࢆᐊෆヨ㦂࡟
࡚ᐃ㔞ⓗ࡟♧ࡋࡓࠋᮏ❶࡛ࡣ㸪ḟࡢࢫࢸࢵࣉ࡜ࡋ࡚㸪ᐇᾏᇦ࡛ࡢᐇドヨ㦂ࢆ
⾜࠺ࡇ࡜࡜ࡋ㸪ᗈᓥ┴⚟ᒣᕷࡢ⚟ᒣ ‴ዟ㒊࡟఩⨨ࡍࡿ⚟ᒣෆ ࡟࠾࠸࡚〇
㗰ࢫࣛࢢそ◁࡟ࡼࡿᐇつᶍヨ㦂ࢆᐇ᪋ࡋࡓ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ  
 
4.2. ヨ㦂᪉ἲ  
4.2.1 ヨ㦂ᾏᇦࡢᴫせ  
 ᐇドヨ㦂ᾏᇦ࡛࠶ࡿ⚟ᒣෆ ࡣ㸪ᖜ 0.1 kmዟ⾜ 2.2 km ࡛Ỉ῝ 2㹼 4 m
ࡢ㐠Ἑ≧ࡢᾏᇦ࡛㸪࠸ࢃࡺࡿ࣊ࢻࣟ≧ࡢ᭷ᶵ㉁ᗏἾࡀሁ✚ࡍࡿᾏᇦ࡛࠶ࡿࠋ
ࡇࡇ࡛ࡣ㸪᫓Ꮨ࠿ࡽኟᏘ࡟࠿ࡅ࡚㸪‴ዟ㒊ࡢᗏᒙࡀ㑏ඖⓗ࡟࡞ࡾ㸪◲໬Ỉ⣲
ࡀⓎ⏕ࡍࡿࡇ࡜ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿ㸦ᆤᕝࡽ 2010㸧ࠋࡇࡢᾏᇦ࠿ࡽ᥇ྲྀࡋࡓ
ᗏἾࡢᛶ≧ࡣ Table 2-1 ࡟♧ࡋࡓ࡜࠾ࡾ࡛࠶ࡿ㸦ྵỈẚ௨እࡣ஝⇱㔜㔞㸧ࠋ
◲໬≀ࡢ࡯࠿㸪ᙉ⇕ῶ㔞ࡀ㧗࠸ࡇ࡜࠿ࡽ᭷ᶵ≀ࢆከ㔞࡟ྵࢇ࡛࠸ࡿࡇ࡜ࡀศ
࠿ࡿࠋ⚟ᒣෆ ࡟ࡣ㝆㞵᫬࡟ྜὶᘧୗỈฎ⌮᪋タ࠿ࡽከ㔞ࡢᮍฎ⌮ୗỈࡀ㉺
ὶࡍࡿࡓࡵ㸪ྵࡲࢀࡿ᭷ᶵ≀⢏Ꮚࡀỿ㝆࣭ሁ✚ࡍࡿࡇ࡜ࡀᗏἾࡢຎ໬ࡢ୺ཎ
ᅉ࡛࠶ࡿࠋ  
 
4.2.2. ࢫࣛࢢヨ㦂༊ࡢ᪋ᕤ  
 2011 ᖺ 8 ᭶࡟ Fig. 4-1 ࡟♧ࡍヨ㦂༊ A㸦㠃✚ 432 m2㸧࡟࠾࠸࡚ 1 ᅇ┠ࡢ
〇㗰ࢫࣛࢢ᪋ᕤࢆᐇ᪋ࡋࡓࠋ౑⏝ࡋࡓ〇㗰ࢫࣛࢢ㸦 JFE ࢫࢳ࣮ࣝᰴᘧ఍♫す
᪥ᮏ〇㕲ᡤ⏘㸧ࡢ໬Ꮫᡂศࢆ Table 4-1 ࡟㸪౑⏝ࡋࡓ⢏ᗘࢆ Table 4-2 ࡟♧
ࡍࠋヨ㦂༊ A ࡛⏝࠸ࡓࢫࣛࢢ 1 ࡣ㸪➨ 2 ❶ࡢᐇ㦂ᐊつᶍヨ㦂࡜ྠࡌ࡛࠶ࡿࠋ
ࢫࣛࢢࡢ᪋ᕤ㔞㸦య✚㸧ࡣ 300 m3 ࡜ࡋࡓࠋ᪋ᕤᡭ㡰ࢆ Fig. 4-2 ࡟♧ࡍࠋࢡ
࣮ࣞࣥྎ⯪࡟ࢫࣛࢢࢆ✚㍕ࡋ㸪᪋ᕤ࢚ࣜ࢔࡟⛣㏦ࡋ㸪ࢡ࣮ࣞࣥ࡟⿦╔ࡋࡓࢢ
ࣛࣈ࡟࡚᪋ᕤࡋࡓࠋࡲࡎ㸪ୗᒙᮦ࡜ࡋ࡚ 5-10 mm ࡟⢏ᗘㄪᩚࡋࡓࢫࣛࢢࢆ
35 cm ཌࡳ࡛᪋ᕤࡋࡓࡢࡕ㸪ୖᒙᮦ࡜ࡋ࡚ 10-25 mm ࡟⢏ᗘㄪᩚࡋࡓࢫࣛࢢ
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ࢆཌࡳ⣙ 35 cm ࡛᪋ᕤࡋࡓࠋୗᒙ࡟⣽⢏ࢫࣛࢢࢆ㑅ᢥࡋࡓ⌮⏤ࡣ㸪ᾏᗏࡢἾ
ࡀ㌾ᙅ࡛࠶ࡿࡓࡵ᪋ᕤ᫬࡟ࡵࡾ㎸ࡳࡍࡂ࡞࠸ࡼ࠺࡟ࡍࡿࡓࡵ࡛࠶ࡿࠋ୍᪉㸪
ୖᒙ࡟⢒⢏ࢆ᪋ᕤࡋࡓ⌮⏤ࡣ㸪ࢫࣛࢢᒙ࡜┤ୖỈ࡜ࡢᾏỈ஺᥮ࡀ⏕ࡌࡸࡍࡃ
ࡍࡿࡓࡵ࡛࠶ࡿࠋ᪋ᕤ୰ࡣở⃮㜵Ṇᯟࢆタ⨨ࡋ㸪ᢞධ᫬ࡢᗏ㉁ࡢᕳࡁୖࡀࡾ
࡟ࡼࡿở⃮ࢆ㜵Ṇࡋࡓࠋ  
 ḟ࠸࡛ 2012 ᖺ 7 ᭶࡟㸪Fig. 4-1 ࡟♧ࡍヨ㦂༊ B ࠾ࡼࡧヨ㦂༊ C㸦㠃✚ྜ
ィ 3,510 m2㸧࡟࠾࠸࡚㸪2 ᅇ┠ࡢ〇㗰ࢫࣛࢢ᪋ᕤࢆ 1 ᅇ┠࡜ྠᵝࡢᡭ㡰࡛ᐇ
᪋ࡋࡓࠋ౑⏝ࡋࡓ〇㗰ࢫࣛࢢࡢ໬Ꮫᡂศࡣ Table 4-1 ࡟㸪⢏ᗘࡣ Table 4-2 ࡟
♧ࡋࡓ࡜࠾ࡾ࡛࠶ࡿࠋヨ㦂༊ B ࡣୗᒙᮦ࠾ࡼࡧୖᒙᮦ࡜ࡶヨ㦂༊ A ࡜ྠ୍࡜
ࡋࡓࠋヨ㦂༊ C ࡛ࡣୗᒙᮦ࡟ Slag 1 ࢆ㸪ୖᒙᮦ࡟ 30-50 mm ࡟⢏ᗘㄪᩚࡋ
ࡓ Slag 2㸦す᪥ᮏ〇㕲ᡤ⏘㸧ࢆ⏝࠸ࡓࠋSlag 2 ࡣ㸪➹⪅ࡽ࡟ࡼࡾ Slag 2 ࡣ
ูᾏᇦ࡟࠾࠸࡚ὸሙ㐀ᡂ㈨ᮦ࡜ࡋ࡚ࡢᐇドヨ㦂ࢆᐇ᪋ࡋ㸪ᾏ⸴ࡸᗏ⏕⏕≀ࡢ
╔⏕ᇶ┙࡜ࡋ࡚㛗ᮇⓗ࡟ᶵ⬟ࡍࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ (ᐑ⏣ࡽ  2012㸧ࠋᮏᾏ
ᇦ࡟࠾࠸࡚ࡶᗏ⏕⏕≀ࡀ╔⏕ࡍࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼㸪ୖᒙᮦ࡟㑅ᐃࡋࡓࠋ
࠸ࡎࢀࡢ࢚ࣜ࢔࡜ࡶୖᒙᮦ࠾ࡼࡧୗᒙᮦࡢཌࡳࡣ 35 cm ࡎࡘ㸦ィ 70 cm㸧࡜
ࡋࡓࠋ  
 ࢫࣛࢢ᪋ᕤ᫬ࡢ࿘ᅖࡢ࢔ࣝ࢝ࣜᣑᩓࡢᙳ㡪ࢆㄪ࡭ࡿࡓࡵ㸪Fig. 4-2 ࡟♧ࡍ
఩⨨࡟࣐ࣝࢳỈ㉁ィ㸦U-20㸪ᇼሙ〇సᡤ㸧ࢆタ⨨ࡋ㸪ࢫࣛࢢᢞධ᫬ࡢᾏỈ
pH ࢆࣔࢽࢱ࣮ࡋࡓࠋFig. 4-3 ࡟ 2011 ᖺ 8 ᭶ࡢୗᒙᮦ᪋ᕤ᫬࡟ ᐃࡋࡓ pH
ࡢ⤖ᯝࢆ♧ࡍࠋở⃮㜵Ṇ⭷┤㏆࡟࠾࠸࡚〇㗰ࢫࣛࢢᢞධ᫬࡟ࢃࡎ࠿࡟ pH ࡢ
ୖ᪼ࡀ☜ㄆࡉࢀࡓࡀ㸪᭱኱࡛ࡶ 8.3 ⛬ᗘ࡜ప఩࡛࠶ࡗࡓࠋⓑ⃮࡞࡝ࡢၥ㢟ࡣ
⏕ࡌ࡞࠿ࡗࡓࠋ  
 
4.2.3 ᪋ᕤᚋࡢ ᐃ఩⨨  
 ➨ 1 ᅇ᪋ᕤᚋ࠾ࡼࡧ➨ 2 ᅇ᪋ᕤᚋࡣ㸪Ⓨ⏕ࡍࡿ࢞ࢫ㸪Ỉ㉁࠾ࡼࡧᗏ⏕⏕≀
࡞࡝࡟ࡘ࠸࡚ㄪᰝࡋࡓࠋࡑࡢ ᐃ఩⨨ࢆ᩿㠃ᅗ࡜ࡋ࡚ Fig. 4-4 ࡟♧ࡍࠋ➨ 1
ᅇヨ㦂ᚋ࡟࠾࠸࡚ࡣ㸪Fig. 4-4(a) ࡟♧ࡍࡼ࠺࡟㸪ࢫࣛࢢࢆ᪋ᕤࡋࡓヨ㦂༊ A
ࡢ୰ᚰ㒊ࢆཎⅬ㸦 0 m㸧࡜ࡋ㸪ࡑࡢ‴ዟഃ࠾ࡼࡧ‴ཱྀഃ 5 m ࡢ఩⨨ࢆヨ㦂༊
ࡢ ᐃⅬ࡜ࡋ㸪ཎⅬ࠿ࡽ‴ዟഃ࠾ࡼࡧ‴ཱྀഃ࡟ 25 m㸪50 m ࠾ࡼࡧ 100 m ࡢ
ࢫࣛࢢࢆ᪋ᕤࡋ࡚࠸࡞࠸఩⨨ࢆᑐ↷༊࡜ࡋ࡚タᐃࡋࡓࠋࡲࡓ㸪➨ 2 ᅇヨ㦂௨
㝆࡟࠾࠸࡚ࡣ Fig. 4-4(b) ࡟♧ࡍࡼ࠺࡟㸪ヨ㦂༊ A㸦 0 m㸧㸪ヨ㦂༊ B㸦‴ཱྀ
ഃ 65 m㸧࠾ࡼࡧヨ㦂༊ C㸦‴ཱྀഃ 134 m㸧ࢆࢫࣛࢢヨ㦂༊ࡢ ᐃⅬ࡜ࡋ㸪ཎ
Ⅼ࠿ࡽ‴ዟഃ 100 m ࠾ࡼࡧ‴ཱྀഃ 244 m ࡢ఩⨨࡟ᑐ↷༊ࢆタᐃࡋࡓࠋ  
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4.2.4.  ᐃ㡯┠࠾ࡼࡧ ᐃ᪉ἲ  
㸦㸯㸧ᗏ㉁㛫㝽Ỉ  
 㛫㝽Ỉࡢ᥇ྲྀࡣ㸪➨ 1 ᅇ┠ヨ㦂࡛ࡣ㸪 2 㐌ᚋ㸦 2011 ᖺ 8 ᭶㸧㸪 8 㐌ᚋ㸦 10   
᭶㸧㸪 20 㐌ᚋ㸦 12 ᭶㸧࠾ࡼࡧ 42 㐌ᚋ㸦 2012 ᖺ 5 ᭶㸧࡟㸪➨ 2 ᅇヨ㦂ᚋ࡛
ࡣ㸪2 㐌ᚋ㸦 2012 ᖺ 7 ᭶㸧㸪12 㐌ᚋ㸦 10 ᭶㸧㸪19 㐌ᚋ㸦 11 ᭶㸧㸪21 㐌ᚋ㸦 12 
᭶㸧㸪 30 㐌ᚋ㸦 2013 ᖺ 2 ᭶㸧㸪 37 㐌ᚋ㸦 3 ᭶㸧㸪 41 㐌ᚋ㸦 4 ᭶㸧㸪࠾ࡼࡧ 46
㐌ᚋ㸦 6 ᭶㸧࡟ᐇ᪋ࡋࡓࠋヨ㦂༊ࡢ㛫㝽Ỉࡢ᥇ྲྀࡣ㸪ࢲ࢖ࣂ࣮࡟ࡼࡾ㸪ࢩࣜ
ࣥࢪࢆ⏝࠸࡚㸪ணࡵ᪋ᕤ᫬࡟ࢫࣛࢢ⾲㠃࠿ࡽ 5㹼 10 cm ࡢ῝ࡉࡢ఩⨨࡟ᇙタ
ࡋ࡚࠶ࡗࡓ 10 cm 㛗ࡢࢭ࣑ࣛࢵࢡ〇࢚࢔࣮ࢫࢺ࣮ࣥ㸦 810㸪ࢲ࢖ࢺ࢘ࣈࢡ㸧
࡟ࢱ࢖ࢦࣥࢳ࣮ࣗࣈࢆ᥋⥆ࡋ࡚⾜ࡗࡓࠋᑐ↷༊࡛ࡣ㸪 10 cm ᚄࡢ࢔ࢡࣜࣝࣃ
࢖ࣉ࡟࡚ᰕ≧᥇Ἶࡋ㸪ᗏ㉁⾲ᒙ࠿ࡽ 5㹼 10 cm ࡢ఩⨨ࡢἾࢆ᥇ྲྀࡋࡓࠋ  
 ྛࢧࣥࣉࣝ࡟ࡘ࠸࡚ pH ࠾ࡼࡧ㓟໬㑏ඖ㟁఩㸦 IM-22P㸪ᮾளࢹ࢕࣮ࢣ࣮ࢣ
࣮㸪ཧ↷㟁ᴟࡣⓑ㔠㟁ᴟ㸧㸪࠾ࡼࡧ⁐Ꮡ◲໬≀㸦໭ᕝᘧ᳨▱⟶ 200SA㸪200SB㸪
ග᫂⌮໬Ꮫ㸧ࢆ ᐃࡋࡓࠋ➨ 2 ᅇヨ㦂௨㝆ࡣࡇࢀࡽ࡟ຍ࠼㸪⁐Ꮡ㓟⣲⃰ᗘࢆ
࢘࢖ࣥࢡ࣮ࣛἲ࡟࡚ ᐃࡋࡓࠋᑐ↷༊ࡢ⁐Ꮡ◲໬≀࠾ࡼࡧ⁐Ꮡ㓟⣲⃰ᗘࡣࢲ
࢖ࣂ࣮࡟ࡼࡾᗏ㉁ࡈ࡜᥇ྲྀࡋ㸪㐲ᚰศ㞳࡟ࡼࡾἾ㛫㝽Ỉࢆᢳฟࡋ࡚ ᐃࡋࡓࠋ 
㸦㸰㸧┤ୖỈ  
 ᗏ㉁㛫㝽Ỉࡢ᥇ྲྀ࡜ྠ᫬࡟㸪 5-10 cm ࠿ࡽ┤ୖỈࢆ᥇ྲྀࡋࡓࠋ➨ 1 ᅇヨ㦂
࡛ࡣࢲ࢖ࣂ࣮࡟ࡼࡗ࡚㸪➨ 2 ᅇヨ㦂௨㝆࡛ࡣ⯪ୖ࠿ࡽࢱ࢖ࢦࣥࢳ࣮ࣗࣈࢆ᥋
⥆ࡋࡓࣁࣥࢻ࣏ࣥࣉ࡟ࡼࡗ࡚᥇ྲྀࡋࡓࠋࡇࢀࡽࡢヨỈࡣ㸪ᗏ㉁㛫㝽Ỉ࡜ྠᵝ
ࡢ᪉ἲ࡟࡚㸪pH㸪㓟໬㑏ඖ㟁఩㸪⁐Ꮡ◲໬≀࠾ࡼࡧ⁐Ꮡ㓟⣲⃰ᗘࢆ ᐃࡋࡓࠋ  
㸦㸱㸧㖄┤᪉ྥࡢỈ㉁ࣉࣟࣇ࢓࢖ࣝ  
 ヨ㦂༊࠾ࡼࡧᑐ↷༊ࡢᾏỈ࡟࠾࠸࡚㸪㖄┤᪉ྥࡢỈ㉁ࣉࣟࣇ࢓࢖ࣝࢆ 2011
ᖺ 8 ᭶࠾ࡼࡧ 12 ᭶࡟ ᐃࡋࡓࠋ⯪ୖ࠿ࡽከ㡯┠Ỉ㉁ィ㸦AAQ177㸪 JFE ࢔
ࢻࣂࣥࢸࢵࢡ㸧ࢆ⏝࠸㸪Ỉ㠃࠿ࡽᾏᗏࡲ࡛ 0.5 m ࡈ࡜ࡢ㛫㝸࡛㸪ࡑࢀࡒࢀࡢ
Ỉ῝࡟࠾ࡅࡿỈ 㸪ሷศ㸪pH㸪⁐Ꮡ㓟⣲⃰ᗘ࠾ࡼࡧ㓟໬㑏ඖ㟁఩㸦ཧ↷㟁ᴟ
ࡣⓑ㔠㟁ᴟ㸧ࡢ ᐃࢆ⾜ࡗࡓࠋ  
㸦㸲㸧Ⓨ⏕࢞ࢫ㔞࠾ࡼࡧࡑࡢᡂศ  
 2011 ᖺ 9 ᭶㸪 10 ᭶㸪 12 ᭶㸪 2012 ᖺ 7 ᭶࠾ࡼࡧ 10 ᭶࡟ᾏᗏࡼࡾ⮬↛Ⓨ
⏕ࡍࡿ࢞ࢫࢆᾏᗏ࡟タ⨨ࡋࡓࢳࣕࣥࣂ࣮࡟ࡼࡾᤕ㞟ࡋ㸪ᅇ཰ࡋࡓ࢞ࢫ㔞ࡢ 
ᐃࢆ⾜ࡗࡓࠋࡉࡽ࡟㸪2012 ᖺ 12 ᭶࡟ࡣ㸪ᗏ㉁ࢆ᣺࡜࠺ࡋࡓ࡜ࡁ࡟᤼ฟࡉࢀ
ࡿ࢞ࢫࢆ ᐃࡋࡓࠋࢫࣛࢢヨ㦂༊ࡢᗏ㉁ࢧࣥࣉࣝࡣࢲ࢖ࣂ࣮࡟ࡼࡾᗏ㉁࡟ᡭ
ື࣏ࣥࣉࢆᕪࡋ㎸ࡳ㸪ࡺࡗࡃࡾ྾ᘬࡋ࡚ࢫࣛࢢ㛫㝽ࡢἾࢆᅇ཰ࡋࡓࠋᑐ↷༊
ࡢἾࡣᰕ≧᥇Ἶ࡟ࡼࡾ᥇ྲྀࡋࡓࠋࡇࡢᗏ㉁ࢧࣥࣉࣝ⣙ 1000 ml ࢆ 2 L ᗈཱྀ
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⎼࡟ධࢀ࡚ᐦᑒ㸪ᗈཱྀ⎼ࢆ᣺࡜࠺ჾ㸦TS-4N㸪TAITEC㸧࡟࡚ᅇ㌿ᩘ 200 rpm㸪
᣺ᖜ 5 cm ࡛ 6 ᫬㛫᣺࡜࠺ࡋࡓࠋࡑࡢᚋ㸪ᐜჾෆࡢ࢞ࢫࡢ◲໬Ỉ⣲⃰ᗘࢆ᳨
▱ჾ㸦GX-2009㸪⌮◊ィჾ㸧࡟࡚㸪஧◲໬ࢪ࣓ࢳࣝ⃰ᗘ࠾ࡼࡧ࣓ࢳ࣓ࣝࣝ࢝
ࣉࢱࣥ⃰ᗘࢆ࢞ࢫ ᐃ⏝᳨▱⟶㸦ࡑࢀࡒࢀ 53㸪71㸪࢞ࢫࢸࢵࢡ㸧࡟࡚ ᐃࡋ
ࡓࠋ  
㸦㸳㸧ᗏ⏕⏕≀  
 ➨ 2 ᅇヨ㦂ᚋࡢ 2013 ᖺ 2 ᭶㸪3 ᭶㸪4 ᭶࠾ࡼࡧ 6 ᭶࡟ᗏ⏕⏕≀ࡢᐃ㔞ศᯒ
ࢆ⾜ࡗࡓࠋࢲ࢖ࣂ࣮࡟ࡼࡾࢫࢸࣥࣞࢫ〇ᯟ㸦㠃✚ 25 cm25 cm㸪῝ࡉ 15 cm㸧
ࢆ⏝࠸࡚㸪㠃✚ 25 cm25 cm㸪῝ࡉ 10 cm ࡢᗏ㉁ࢆ᥇ྲྀࡋ㸪⠠࠸┠ 1 mm
ࡢ⠠࠸ୖࡢ࣐ࢡࣟ࣋ࣥࢺࢫ࡟ࡘ࠸࡚㸪✀㢮ᩘ㸪ಶయᩘ࠾ࡼࡧ‵㔜㔞ࡢ ᐃࢆ
⾜ࡗࡓࠋ  
 
4.3. ヨ㦂⤖ᯝ  
4.3.1. ᗏ㉁㛫㝽Ỉ  
 ࢫࣛࢢ༊࠾ࡼࡧᑐ↷༊ࡢᗏ㉁㛫㝽Ỉࡢ pH ࡢ᥎⛣ࢆ Fig. 4-7(a) ࡟♧ࡍࠋᑐ
↷༊ࡢᗏ㉁㛫㝽Ỉࡢ pH ࡣ‴ዟഃ࡛ 7.0㹼 8.0㸪ᾏഃ࡛ 7.5㹼 8.5 ࡛᥎⛣ࡋ࡚࠾
ࡾ㸪‴ዟഃ࡛ pH ࡀప࠸ഴྥࡀ☜ㄆࡉࢀࡓࠋࢫࣛࢢヨ㦂༊࡛ࡣヨ㦂༊ A ࡛᪋
ᕤ┤ᚋࡣ 8.9 ࡜㧗ࡵ࡛࠶ࡗࡓࡀ㸪ࡑࡢᚋపୗࡋ㸪 7.1㹼 8.0 ࡛᥎⛣ࡋࡓࠋヨ㦂
༊ B ࠾ࡼࡧヨ㦂༊ C ࡛ࡣ 7.9㹼 8.4 ࡛᥎⛣ࡋ࡚࠾ࡾ㸪➨ 2 ᅇヨ㦂௨㝆࡛ẚ㍑
ࡍࡿ࡜ᑐ↷༊࡜ྠᵝ࡟‴ዟഃ࡛ࡸࡸప࠸ഴྥ࡜࡞ࡗࡓࠋ⁐Ꮡ◲໬≀⃰ᗘࡢ 
ᐃ⤖ᯝࢆ Fig. 4-7(b) ࡟♧ࡍࠋ➨ 1 ᅇヨ㦂࡟࠾࠸࡚㸪ᑐ↷༊࡛ࡣ 150㹼 350 mg 
S/L ࡜㧗⃰ᗘࡢ⁐Ꮡ◲໬≀ࡀ᳨▱ࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ༊㸦A ヨ㦂༊㸧࡛
ࡣ඲࡚ࡢ ᐃ࡟࠾࠸࡚㸪᳨ฟ㝈⏺㸦 0.5 mg S/L㸧㹼 5 mg S/L ࡛᥎⛣ࡋ࡚࠾
ࡾ㸪ᑐ↷༊࡟ᑐࡋ࡚㢧ⴭ࡟ప఩࡛࠶ࡗࡓࠋ  
 ➨ 2 ᅇヨ㦂௨㝆࡟࠾࠸࡚ࡶ㸪ᑐ↷༊࡛ࡣ 60㹼 400 mg S/L ࡜㧗⃰ᗘࡢ⁐Ꮡ
◲໬≀ࡀ᳨▱ࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ᳨ฟ㝈⏺㹼 20 mg S/L ࡛᥎
⛣ࡋ࡚࠾ࡾ㸪඲࡚ࡢ ᐃ࡟࠾࠸࡚㸪⁐Ꮡ◲໬≀⃰ᗘࡣ㢧ⴭ࡟ప఩࡛࠶ࡗࡓࠋ
ࡲࡓ㸪➨ 2 ᅇヨ㦂ࡢヨ㦂༊ B ࠾ࡼࡧヨ㦂༊ C ࡟࠾࠸࡚⁐Ꮡ◲໬≀⃰ᗘࡣ࡯ࡰ
ྠ࡛ࣞ࣋ࣝ࠶ࡗࡓࠋᗏ㉁㛫㝽Ỉࡢ㓟໬㑏ඖ㟁఩ࡢ⤖ᯝࢆ Fig. 4-7(c)  ࡟♧ࡍࠋ
➨ 1 ᅇヨ㦂࡟࠾࠸࡚㸪ᑐ↷༊࡛ࡣㄪᰝ᫬ᮇ࡟࠿࠿ࢃࡽࡎ㸪㓟໬㑏ඖ㟁఩ࡣ -200 
mV ๓ᚋ࡜ప఩࡛㑏ඖⓗ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ᪋ᕤ༊࡛ࡣ -20㹼+100 mV
࡜ᑐ↷༊࡜ẚ㍑ࡋ࡚᫂ࡽ࠿࡟㧗఩࡛᥎⛣ࡋࡓࠋ 2 㐌ᚋ࠿ࡽ 8 㐌ᚋ࡟࠿ࡅ࡚ప
ୗഴྥࡀぢࡽࢀࡓࡀ㸪෤Ꮨ㸦 12 ᭶㸧࡟㧗ࡃ࡞ࡗ࡚࠾ࡾ㸪Ꮨ⠇ኚືࡶぢཷࡅࡽ
ࢀࡓࠋ➨ 2 ᅇヨ㦂࡟࠾࠸࡚ࡶྠᵝࡢഴྥࡀ⥅⥆ࡋ㸪ࢫࣛࢢ᪋ᕤ༊࡛ࡣ -20㹼
+100 mV ࡜ᑐ↷༊࡜ẚ㍑ࡋ࡚㧗఩࡛᥎⛣ࡋࡓࠋࡲࡓ㸪➨ 2 ᅇヨ㦂ࡢヨ㦂༊ B
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࠾ࡼࡧヨ㦂༊ C ࡟࠾࠸࡚㓟໬㑏ඖ㟁఩ࡣ࡯ࡰྠ࡛ࣞ࣋ࣝ࠶ࡗࡓࠋ  
 ➨ 2 ᅇヨ㦂ᚋࡢᗏ㉁㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘࡢ⤖ᯝࢆ Fig. 4-7(d) ࡟♧ࡍࠋ
⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚㸪Ἶ࠾ࡼࡧࢫࣛࢢ㛫㝽Ỉ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡣ㸪ヨ㦂༊
࡛ᑐ↷༊ࡼࡾࡶ㧗࠸ഴྥࡀぢࡽࢀࡓࠋ  
 
4.3.2. ┤ୖỈ  
 ࢫࣛࢢ᪋ᕤ༊࠾ࡼࡧᑐ↷༊ࡢ┤ୖỈࡢ pH㸪⁐Ꮡ◲໬≀⃰ᗘ㸪㓟໬㑏ඖ㟁
఩࠾ࡼࡧ⁐Ꮡ㓟⣲⃰ᗘࡢ ᐃ⤖ᯝࢆ Fig. 4-8(a) ~ Fig. 4-8(d)  ࡟♧ࡍࠋ⁐Ꮡ
◲໬≀ࡣㄪᰝ᫬ᮇ࡟࠿࠿ࢃࡽࡎ㸪ࢫࣛࢢ᪋ᕤ༊࠾ࡼࡧᑐ↷༊࡜ࡶ㸪࡯࡜ࢇ࡝
᳨ฟࡉࢀ࡞࠿ࡗࡓࠋ㓟໬㑏ඖ㟁఩࠾ࡼࡧ⁐Ꮡ㓟⣲⃰ᗘࡣኟᏘ࡟పࡃ㸪෤Ꮨ࡟
㧗ࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋࢫࣛࢢ᪋ᕤ༊࡜ᑐ↷༊㛫ࡢᕪࡣ࡯࡜ࢇ࡝ㄆࡵࡽࢀ࡞
࠿ࡗࡓࡀ㸪‴ዟഃ࡛పࡃ㸪ᾏഃ࡛㧗࠸ഴྥ࡜࡞ࡾ㸪2009 ᖺࡢ ᐃ⤖ᯝ㸦㧗ᶫ
ࡽ  2010㸧࡜ഴྥࡀྜ⮴ࡋࡓࠋ  
 
4.3.3. 㖄┤᪉ྥࡢỈ㉁ࣉࣟࣇ࢓࢖ࣝ  
 㖄┤᪉ྥࡢỈ㉁ ᐃ⤖ᯝ࡜ࡋ࡚㸪2012 ᖺ 8 ᭶࠾ࡼࡧ 2012 ᖺ 2 ᭶ࡢ ᐃ౛
ࢆ Fig. 4-9 ࠾ࡼࡧ Fig. 4-10 ࡟♧ࡍࠋ࠸ࡎࢀࡶࢫࣛࢢ᪋ᕤ༊࡜ᑐ↷༊ࡢᕪࡣ
᫂☜࡛ࡣ࡞࠿ࡗࡓࠋ 2012 ᖺ 8 ᭶ࡢ ᐃ⤖ᯝ࡛ࡣ㸪Ỉ῝ 2 m ๓ᚋ࡛኱ࡁࡃኚ
໬ࡋ࡚࠾ࡾ㸪㌍ᒙࡀ⏕ࡌ࡚࠸ࡓࠋ⁐Ꮡ㓟⣲⃰ᗘࡣỈ῝ 2 m ࠿ࡽୗᒙ࡟࠾࠸࡚
࡯ࡰ↓㓟⣲≧ែ࡛࠶ࡗࡓࠋ୍᪉㸪2012 ᖺ 2 ᭶ࡢㄪᰝ࡛ࡣ㸪Ỉ㠃࠿ࡽᾏᗏࡲ࡛
࡯ࡰྠࡌỈ㉁࡛࠶ࡾ㸪ᾏᗏࡲ࡛⁐Ꮡ㓟⣲⃰ᗘࡀ㧗࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ  
 
4.3.4. ᾏᗏ࠿ࡽࡢⓎ⏕࢞ࢫ  
㸦㸯㸧Ⓨ⏕࢞ࢫ㔞  
 ᾏᗏ࠿ࡽࡢ࢞ࢫⓎ⏕㔞ࡢ ᐃ⤖ᯝࢆ Fig. 4-11 ࡟♧ࡍࠋ ᐃ᫬ᮇ࡟ࡼࡾⓎ
⏕㔞ࡢࡤࡽࡘࡁࡀ࠶ࡿࡀ㸪ᑐ↷༊࡛ࡣ㸪 0㹼 0.23 cm3/cm2/h ࡛᥎⛣ࡋࡓࠋࡇ
ࢀ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ 0㹼 0.03 cm3/cm2/h ࡛᥎⛣ࡋ㸪ᑐ↷༊࡜ẚ㍑ࡋ
࡚ప఩࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪ᗏ㉁࠿ࡽࡢ࢞ࢫⓎ⏕㔞ࡀ㢧ⴭ࡟ᢚไࡉࢀ࡚࠸ࡿࡇ
࡜ࡀ♧ࡉࢀࡓࠋ  
㸦㸰㸧᣺࡜࠺ࡋࡓᗏ㉁ࡢ࢞ࢫᡂศ  
 2012 ᖺ 12 ᭶࡟᥇ྲྀࡋࡓᗏ㉁ࢆ᣺࡜࠺ࡋࡓ࡜ࡁࡢᐜჾෆ࢞ࢫ⃰ᗘࡢ⤖ᯝࢆ
Fig. 4-12 ࡟♧ࡍࠋ◲໬Ỉ⣲࢞ࢫࡣᑐ↷༊࡛ࡣ‴ዟഃ࡛ 300 ppm㸪‴ཱྀഃ࡛
1200 ppm ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ᳨ฟ㝈⏺ᮍ‶㸦㸺  1 ppm㸧
࡛࠶ࡗࡓࠋ஧◲໬ࢪ࣓ࢳࣝ࠾ࡼࡧ࣓ࢳ࣓ࣝࣝ࢝ࣉࢱࣥ࡟ࡘ࠸࡚ࡶ㸪ᑐ↷༊࡛
ࡣ᭱኱ 70 ppm ࠾ࡼࡧ 10 ppm ᳨ฟࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ࠸ࡎ
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ࢀࡶ᳨ฟ㝈⏺㸦◲໬Ỉ⣲࢞ࢫ㸪஧◲໬ࢪ࣓ࢳࣝ㸪࣓ࢳ࣓ࣝࣝ࢝ࣉࢱࣥࡢ᳨ฟ
㝈⏺ࡣ㸪ࡑࢀࡒࢀ㸪 0.1 ppm , 0.36 ppm, 0.25 ppm㸧ᮍ‶࡛࠶ࡗࡓࠋࡇࡢࡇ
࡜࠿ࡽ㸪ᗏ㉁࡟ྵࡲࢀࡿ◲໬Ỉ⣲࡞࡝ࡢᝏ⮯ᡂศࡀ㢧ⴭ࡟ᢚไࡉࢀ࡚࠸ࡿࡇ
࡜ࡀ♧ࡉࢀࡓࠋ  
 
4.3.5. ෤Ꮨ࠿ࡽ᫓Ꮨ࡟࠿ࡅ࡚ࡢᗏ⏕⏕≀ࡢ╔⏕  
 2013 ᖺ 2 ᭶ࡢᗏ⏕⏕≀ࡢ✀㢮ᩘ㸪ಶయᩘ࠾ࡼࡧ‵㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 
4-13 ࡟♧ࡍࠋ୍᪉㸪ᑐ↷༊࡟࠾࠸࡚ࡣ⎔ᙧື≀ࡀ 1㹼 2 ✀㸪ಶయᩘ࠾ࡼࡧ‵
㔜㔞ࡣࡑࢀࡒࢀ 0.1 m2 ᙜࡓࡾ 20㹼 150 ಶయ㸪 0.5㹼 1 g ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪
ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚ࡣ㸪⎔ᙧື≀ࡸ㌾యື≀࡞࡝ 3㹼 6 ✀ࡀ☜ㄆࡉࢀ㸪ಶ
యᩘ㸪‵㔜㔞ࡣࡑࢀࡒࢀ 0.1 m2 ᙜࡓࡾ 500㹼 1400 ಶయ㸪5㹼 23 g ࡛࠶ࡗࡓࠋ
ࢫࣛࢢヨ㦂༊ C ࠾ࡼࡧᑐ↷༊㸦‴ዟഃ㸧ࡢỈ୰෗┿ࢆ Fig. 4-14 ࡟㸪ࢫࣛࢢ
ヨ㦂༊ C ࡛᥇ྲྀࡋࡓ〇㗰ࢫࣛࢢሢ࡟௜╔ࡋࡓ⏕≀ࡢ෗┿ࢆ Fig. 4-15 ࡟♧ࡍࠋ
ࢫࣛࢢヨ㦂༊ C ࡛ࡣ෗┿࡟♧ࡍࡼ࠺࡟㸪ࣘ࢘ࣞ࢖࣎ࣖࡸࢫࣆ࢜ࡀࢫࣛࢢ⾲㠃
࡟௜╔ࡋ࡚⏕ᜥࡋ࡚࠸ࡿᵝᏊࡀほᐹࡉࢀࡓࠋ  
 
4.4. ⪃ᐹ  
4.4.1. 〇㗰ࢫࣛࢢ࡟ࡼࡿᐇᾏᇦᗏἾࡢ⁐Ꮡ◲໬≀ࡢ↓ᐖ໬  
 ◲໬Ỉ⣲ࡣ㸪↓㓟⣲≧ែࡢἾ୰࡟࠾࠸࡚◲㓟㑏ඖ⳦ࡀ᭷ᶵ≀ࢆศゎࡍࡿ㝿㸪
◲㓟࢖࢜ࣥ㸦 SO4 2 -㸧ࡀ㑏ඖࡉࢀࡿࡇ࡜࡛⏕ᡂࡍࡿ㸦 (4-1)ᘧ㸧㸦Howarth et al.  
1992㸧ࠋ  
 
SO4 2-  + 2CH2O + 2 H+ Ѝ  H2S + 2CO2 + 2H2O㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃(4-1) 
 
 ◲໬Ỉ⣲ࡣỈ୰࡛ࡣ୺࡟◲໬Ỉ⣲࢖࢜ࣥ㸦HS-㸧࡜ࡋ࡚Ꮡᅾࡋ㸪ࡑࡢ୍㒊
ࡣᗏ㉁࠿ࡽ┤ୖỈ࡬⁐ฟࡍࡿࠋ➨ 2 ❶࡛㏙࡭ࡓᐊෆヨ㦂ࢆ㋃ࡲ࠼࡚ᐇ᪋ࡋࡓ
ᮏሗࡢᐇᾏᇦヨ㦂࡟࠾࠸࡚ࡶ㸪ࢫࣛࢢ㛫㝽Ỉࡢ⁐Ꮡ◲໬≀㸪࢞ࢫⓎ⏕㔞ࡢᢚ
ไຠᯝࡀ⣙ 2 ᖺ⤒㐣ᚋࡶ⥅⥆ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡉࡽ࡟࢞ࢫ୰ࡢ◲໬Ỉ⣲
࢞ࢫࡢᢚไຠᯝࡶㄆࡵࡽࢀࡓࠋHayashi ࡽࡣ㸪◲໬ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮ࡜〇㗰
ࢫࣛࢢࢆ཯ᛂࡉࡏࡓ࠶࡜ࡢࢫࣛࢢ⾲㠃ࢆ EPMA ἲ࡟ࡼࡿඖ⣲࣐ࢵࣆࣥࢢࢆ
⾜࠸㸪ࢫࣛࢢ⾲㠃㒊ศ࡛◲㯤㸦 S㸧࡜㕲㸦Fe㸧ࡢศᕸࡀⰋࡃ୍⮴ࡋࡓࡇ࡜ࢆ
ሗ࿌ࡋ࡚࠸ࡿࠋࡉࡽ࡟㸪཯ᛂ⏕ᡂ≀ࡢ↓཯ᑕ X ⥺ᅇᢡศᯒ࠾ࡼࡧᨺᑕගศᯒ
⤖ᯝ࠿ࡽ㸪◲໬㕲ࡢ⏕ᡂ࠾ࡼࡧ༢య◲㯤ࡢ⏕ᡂࡀ⏕ࡌࡓ࡜᥎ᐃࡋ࡚࠸ࡿ
㸦Hayashi et al .  2013㸧ࠋᮏ◊✲࡟࠾࠸࡚ࡶࢫࣛࢢ࠿ࡽἾ୰࡟ Fe ࡀ⁐ฟࡋ࡚
➨ 2 ❶࡛♧ࡋࡓ (2-1㸧ᘧ࠾ࡼࡧ (2-2㸧ᘧ࡟♧ࡍ◲໬㕲ࡸ༢య◲㯤⏕ᡂ࡟ࡼࡾ
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ᗏ㉁୰ࡢ◲໬≀ᢚไ࡟ᐤ୚ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ௒ᚋ㸪Ἶ୰࡬ࡢ Fe ࡢ⁐ฟࡢ
᭷↓࡞࡝ࢆ⢭ᰝࡋ࡚᫂☜࡟ࡍࡿᚲせࡀ࠶ࡿࠋ  
 ୍᪉㸪┤ୖỈ࡛ࡣ㸪ࢫࣛࢢヨ㦂༊࡜ᑐ↷༊ࡢ㛫࡛⁐Ꮡ◲໬≀࡞࡝ࡢᕪࡀ☜
ㄆ࡛ࡁ࡞࠿ࡗࡓࠋࡇࡢཎᅉࡣ㸪ᐇᾏᇦ࡟࠾࠸࡚㸪₻ộ࡞࡝࡟ࡼࡿᾏỈࡢ⛣ὶ
ᣑᩓࡢᙳ㡪ࡀᙉ࠸ࡓࡵ㸪ᗏ㉁ᨵၿ࡟ࡼࡿ⁐Ꮡ◲໬≀ࡢ┤ୖỈ࡬ࡢ⁐ฟࡢᙳ㡪
ࡀ⌧ࢀ࡟ࡃ࠸ࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡇࢀࢆ᳨ドࡍࡿࡓࡵ㸪2012 ᖺ 11 ᭶࡟ྛ 
ᐃⅬ࡟ሷ໬ࣅࢽࣝ〇෇⟄ᐜჾ㸦ෆᚄ 150 mm㧗ࡉ 300 mm㸧ࢆタ⨨ࡋ࡚ᗏ
㉁࡜ᗏᒙỈࢆ㝸㞳ࡋࡓ㸦Fig. 4-16㸧ࠋ 12 ᪥ᚋ㸦 2012 ᖺ 12 ᭶㸧࠾ࡼࡧ 86 ᪥
ᚋ㸦 2013 ᖺ 2 ᭶㸧࡟ᗏ㉁࠿ࡽ⁐ฟࡍࡿ⁐Ꮡ◲໬≀⃰ᗘࢆ᳨▱⟶࡟࡚ ᐃࡋ
ࡓ㸬Fig. 4-16 ࡟⿦⨨ࡢᶍᘧᅗࢆ㸪Fig. 4-17 ࡟ࡑࡢ⤖ᯝࢆࡑࢀࡒࢀ♧ࡍࠋᑐ
↷༊࡛ࡣ‴ዟഃ࡛ 50 mg S/L㸪ᾏഃ࡛ 6㹼 45 mg S/L ࡢ⁐Ꮡ◲໬≀ࡀ᳨ฟࡉ
ࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ᳨ฟ㝈⏺㸦 0.5㸧ᮍ‶㹼 5 mg S/L ࡜ప఩࡛
࠶ࡗࡓࠋ௨ୖࡢ⤖ᯝ࠿ࡽ㸪➨ 2 ❶ࡢᐊෆヨ㦂࡟࡚ㄆࡵࡽࢀࡓᗏ㉁࠿ࡽ┤ୖỈ
࡬ࡢ⁐Ꮡ◲໬≀⁐ฟࡢᢚไຠᯝࡀᐇᾏᇦ࡟࠾࠸࡚ࡶ☜ㄆࡉࢀࡓ࡜ゝ࠼ࡿࠋ  
 
4.4.2. ⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ࡢ⁐Ꮡ㓟⣲⃰ᗘୖ᪼  
 ᮏヨ㦂࡟࠾࠸࡚㸪Fig. 4-8(d) ࡟♧ࡉࢀࡿࡼ࠺࡟㸪᫓Ꮨ࠿ࡽኟᏘ࡟࠿ࡅ࡚ᗏ
ᒙỈ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡀపୗ㸦㈋㓟⣲໬㸧ࡋ㸪⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ୖ᪼ࡍ
ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋᮾி‴ࡸ኱㜰‴࡞࡝ࡢ㛢㙐ᛶᾏᇦࡢዟ㒊࡛ࡣ㸪ኟᏘࡢ
Ỉ ㌍ᒙࡢᙧᡂ࡟ࡼࡾᗏᒙỈࡀ㈋㓟⣲໬ࡋ㸪෤Ꮨࡢ㖄┤ΰྜ࡟ࡼࡾ㓟⣲⃰ᗘ
ࡀቑຍࡍࡿࠋ⚟ᒣෆ ࡛ࡶྠᵝࡢ࿘ᖺኚືࡀ࠶ࡿࡇ࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀࡿࠋ
ࡓࡔࡋ㸪┤ୖỈࡢ⁐Ꮡ㓟⣲⃰ᗘࡀୖ᪼ࡍࡿ⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠾࠸࡚㸪Fig. 4-7(d) 
࡟♧ࡉࢀࡿࡼ࠺࡟㸪ᑐ↷༊࡛ࡣᗏ㉁㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘࡣቑຍࡋ࡞࠿ࡗࡓࠋ
ࡇࡢ⌮⏤ࡣ㸪ᑐ↷༊࡛ࡣ㸪ᗏ㉁㛫㝽Ỉ୰࡟⁐Ꮡ◲໬≀ࡀከࡃᏑᅾࡍࡿࡓࡵ㸪
ᾏᗏࡢ⁐Ꮡ㓟⣲ࡀ◲໬Ỉ⣲࡟ࡼࡾᾘ㈝ࡉࢀࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸦 (4-2)ᘧ㸧ࠋ  
 
2H2S + O2 Ѝ  2H2O + 2S㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃(4-2) 
 
 ࡇࢀ࡟ᑐࡋ㸪ࢫࣛࢢ༊࡟࠾࠸࡚ࡣ㸪ᗏ㉁㛫㝽Ỉ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡀ㧗ࡃ࡞
ࡗࡓࠋࡇࢀࡣࢫࣛࢢ༊ࡢ⁐Ꮡ◲໬≀⃰ᗘࡀప࠸ࡓࡵ㸪 (3-2)ᘧࡢ◲໬Ỉ⣲࡟ࡼ
ࡿ⁐Ꮡ㓟⣲ᾘ㈝ࡀᢚ࠼ࡽࢀࡓࡇ࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀࡿࠋࡉࡽ࡟⛅Ꮨ࠿ࡽ෤Ꮨ
࡟࠿ࡅ࡚㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘࡀୖ᪼ࡋࡓࡀ㸪ࡇࢀࡣୖᒙᮦ࡜ࡋ࡚⏝࠸ࡓࢫ
ࣛࢢࡢ⢏ᚄࡀ኱ࡁ࠸ࡓࡵ㸪ࢫࣛࢢ㛫㝽Ỉ࡜┤ୖỈࡢ஺᥮ࡀẚ㍑ⓗⰋ࠸ࡇ࡜ࡶ
ᙳ㡪ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
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4.4.3. ෤Ꮨ࠿ࡽ᫓Ꮨ࡟࠿ࡅ࡚ࡢᗏ⏕⏕≀╔⏕  
 ෤Ꮨ࡟࠾࠸࡚㸪ྛࢫࣛࢢヨ㦂༊ࡣᑐ↷༊࡟ẚ࡭࡚⏕≀╔⏕㔞ࡀከ࠿ࡗࡓࠋ
ࡇࡢ⌮⏤࡜ࡋ࡚㸪1) ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘࡀቑ኱ࡋࡓ
ࡇ࡜㸪࠾ࡼࡧ 2) ෤Ꮨ࡟࠾ࡅࡿ㖄┤ΰྜࡸỈᰕෆ᭷ᶵ≀⏕⏘㔞ࡢῶᑡࡢࡓࡵ㸪
ᾋἾࡢሁ✚ཌࡳࡀῶᑡࡋ㸪ࢫࣛࢢ⾲㠃ࡀ㟢ฟࡍࡿ㒊఩ࡀ⏕ࡌࡓࡓࡵ㸪♟≧ࡢ
ࢫࣛࢢ࡟௜╔ࡋ࡚⏕ᜥࡍࡿᗏ⏕⏕≀࡟ዲ㐺࡞⎔ቃࡀᙧᡂࡉࢀࡓࡇ࡜ࡀ⪃࠼ࡽ
ࢀࡿࠋ2) ࡣ㸪〇㗰ࢫࣛࢢࡀᗏ㉁ᨵၿຠᯝ࡟ຍ࠼࡚㸪⏕≀ࡢ╔⏕ᇶ┙࡜ࡋ࡚ᶵ
⬟ࡋࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋࡲࡓ㸪ࢫࣛࢢヨ㦂༊ࡢ࠺ࡕ᭱ࡶᾏഃ࡟఩⨨ࡍࡿヨ
㦂༊ C ࡟࠾࠸࡚᭱ࡶಶయᩘ㸪‵㔜㔞ࡀ㧗࠿ࡗࡓࠋ 4.3.2.࡛㏙࡭ࡓࡼ࠺࡟ᾏഃ
ࡣ‴ዟഃ࡟ẚ࡭࡚┤ୖỈࡢ㓟໬㑏ඖ㟁఩㸪⁐Ꮡ㓟⣲⃰ᗘࡀ㧗࠸ഴྥ࡟࠶ࡾ㸪
ᗏ⏕⏕≀ࡢ⏕ᜥ࡟㐺ࡋࡓ⎔ቃࡀᙧᡂࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࠋ  
2013 ᖺ 2 ᭶࡟⏕ᜥࡀ☜ㄆࡉࢀࡓࣘ࢘ࣞ࢖࣎ࣖࡣ㸪ᾏỈࢆࢁ㐣ࡋ࡚ᠱ⃮≀
㉁ࢆ㝖ཤࡍࡿࡣࡓࡽࡁࢆ᭷ࡍࡿࢁ㐣ᦤ㣗⪅ࡢ୍✀࡛࠶ࡿ㸦୰஭ࡽ  2013㸧ࠋ
2014 ᖺ 4 ᭶࠿ࡽ⚟ᒣᕷࡀ㞵Ỉ⁫Ỉụࢆ᪂タ㸦⚟ᒣᕷ  2014㸧ࡋࡓࡇ࡜࡛ୗỈ
ὶධ㈇Ⲵࡀୗࡀࡿࡇ࡜࡟ຍ࠼㸪௒ᚋ㸪ᗏ㉁ᨵၿ࢚ࣜ࢔ࢆᗈࡆࡿࡇ࡜࡟ࡼࡾ㸪
ࢫࣛࢢࡢ⾲ᒙࡀ㟢ฟࡍࡿᮇ㛫࠾ࡼࡧ㠃✚ࡀቑ኱ࡍࡿࡇ࡜࡛㸪ࣘ࢘ࣞ࢖࣎ࣖ࡞
࡝ࢁ㐣ᦤ㣗⪅ࡢ╔⏕ࡋ࠺ࡿ㠃✚࠾ࡼࡧᮇ㛫ࡀᣑ኱ࡋ㸪ᠱ⃮≀ࡢί໬⬟ຊࡀྥ
ୖࡍࡿྍ⬟ᛶࡀᮇᚅࡉࢀࡿࠋ  
 
4.4.4. 〇㗰ࢫࣛࢢࡢᗏἾ୰◲໬Ỉ⣲ᢚไᮦ࡜ࡋ࡚ࡢ㐺⏝ᛶ  
 ➨ 2 ❶࠾ࡼࡧᮏ❶ࡢ⤖ᯝ࠿ࡽ㸪〇㗰ࢫࣛࢢࢆ⏝࠸ࡓᗏ㉁ᨵၿࡘ࠸࡚㸪○▼
࡞࡝ࡢኳ↛ᮦ࡜ẚ㍑ࡋ㸪ኳ↛ᮦ᥇ྲྀ࡟క࠺⎔ቃ◚ቯࢆ⏕ࡌࡉࡏ࡞࠸ࡔࡅ࡛࡞
ࡃ㸪ኳ↛ᮦ࡛ࡣᮇᚅ࡛ࡁ࡞࠸ࢫࣛࢢ୰ࡢ㕲࡟ࡼࡿ⁐Ꮡ◲໬≀ࡢ↓ᐖ໬ࡸ㓟໬
㞺ᅖẼ࡬ࡢᨵ㉁࡜࠸ࡗࡓ໬Ꮫⓗ࡞ຠᯝࢆ᭷ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋ Fig. 
4-18 ࡟㸪ࡇࢀࡽࡢ▱ぢࢆࡶ࡜࡟ࡋࡓ㸪ᗏᒙỈ࡜ᗏ㉁㛫ࡢ◲㯤࡜㕲ࡢᣲືࡢ
ᶍᘧᅗࢆ♧ࡍࠋࡉࡽ࡟ᗏ⏕⏕≀ࡢ⏕㛗ᇶ┙࡜ࡋ࡚ᶵ⬟ࡋ㸪◲໬≀ᢚไ࡟ࡼࡾ
⁐Ꮡ㓟⣲ࡢᾘ㈝ࢆᢚ࠼ࡿࡇ࡜࡜┦ࡲࡗ࡚⏕≀ࡢ⏕ᜥ࡟ዲ㐺࡞⎔ቃ࡟ᨵၿࡋ࠺
ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
 ௨ୖࡼࡾ㸪◲໬≀Ⓨ⏕ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿᾏᇦᗏἾ࡬ࡢ〇㗰ࢫࣛࢢᧈᕸ㸦そ
◁㸧࡟ࡼࡿ⎔ቃᨵၿࡢ᭷⏝ᛶࡀ♧၀ࡉࢀࡓࠋ  
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4.5. ࡲ࡜ࡵ  
 ◲໬≀ࢆከ㔞࡟ྵࡴ࣊ࢻࣟ≧ࡢἾࡀᝏ⮯ၥ㢟ࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡿ⚟ᒣෆ 
ࡢ⎔ቃᨵၿᑐ⟇࡜ࡋ࡚㸪〇㗰ࢫࣛࢢᧈᕸ࡟ࡼࡿ࣊ࢻࣟ୰ࡢ◲໬≀పῶᢏ⾡ࡢ
ᐇᾏᇦᐇドヨ㦂ࢆᐇ᪋ࡋࡓࠋ〇㗰ࢫࣛࢢࢆ 2011 ᖺ 8 ᭶࡟ 430 m2ࡢ㠃✚࡟㸪
ḟ࠸࡛ 2012 ᖺ 7 ᭶࡟ 3510 m2 ࡢ㠃✚࡟᪋ᕤࡋࡓࠋ᪋ᕤᚋ࡟ࢫࣛࢢヨ㦂༊࠾
ࡼࡧᑐ↷༊࡟ࡘ࠸࡚ᗏ㉁㛫㝽Ỉ㸪┤ୖỈࡢỈ㉁㸪࠾ࡼࡧᗏ㉁࠿ࡽⓎ⏕ࡍࡿ࢞
ࢫ࡞࡝࡟ࡘ࠸࡚⣙ 2 ᖺ࡟ࢃࡓࡗ࡚㏣㊧ㄪᰝࢆᐇ᪋ࡋࡓ⤖ᯝ㸪ୗグࡢ▱ぢࡀᚓ
ࡽࢀࡓࠋ  
1㸧ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚ᗏ㉁㛫㝽Ỉࡢ⁐Ꮡ◲໬≀ࡣᑐ↷༊࡟ẚ࡭࡚ⴭࡋࡃ
పῶࡋࡓࠋࡲࡓ㸪㓟໬㑏ඖ㟁఩࠾ࡼࡧ⁐Ꮡ㓟⣲ࡢྥୖ࡞࡝ᗏ㉁ᨵၿຠᯝࡀㄆ
ࡵࡽࢀ㸪ࡑࡢຠᯝࡣ⣙ 2 ᖺ㛫ࡢㄪᰝᮇ㛫࡟࠾࠸࡚ຠᯝࡀᣢ⥆ࡋࡓࠋࡇࡢຠᯝ
ࡣ㸪ࢫࣛࢢ࠿ࡽ⁐ฟࡍࡿ㕲࡜⁐Ꮡ◲໬≀ࡢ཯ᛂ࡟ࡼࡾ㸪◲໬㕲࡞࡝ࡀ⏕ᡂࡉ
ࢀࡿࡇ࡜࡟ࡼࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ  
2㸧ࢫࣛࢢヨ㦂༊࡛ࡣᑐ↷༊࡟ẚ࡭࡚ᗏἾ࠿ࡽⓎ⏕ࡍࡿ࢞ࢫయ✚ࡀపῶࡋࡓ
࡯࠿㸪Ἶࢆ᣺࡜࠺ࡋࡓ㝿࡟Ⓨ⏕ࡍࡿ࢞ࢫ୰ࡢ◲໬Ỉ⣲࢞ࢫ⃰ᗘࡀపῶࡋࡓࠋ  
3㸧┤ୖỈ࠾ࡼࡧࡉࡽ࡟ࡑࡢୖᒙࡢỈ㉁࡟ࡘ࠸࡚ࡣ㸪ࢫࣛࢢ᪋ᕤ༊࠾ࡼࡧᑐ
↷༊࡟࠾࠸࡚ᕪࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣ㸪₻ộ➼࡟ࡼࡿ⛣ὶᣑᩓ࡟ࡼࡾ
ᾏỈࡀὶືࡋ࡚࠸ࡿࡓࡵ࡜⪃࠼ࡽࢀࡓࠋ  
4㸧⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚ᗏἾ㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘ
ࡢୖ᪼ࡀぢࡽࢀࡓࡀ㸪ᑐ↷༊࡟࠾࠸࡚ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡇࡢ⌮⏤࡜ࡋ࡚㸪
ヨ㦂༊࡟࠾࠸࡚ࡣ⁐Ꮡ◲໬≀࡟ࡼࡿ㓟⣲ᾘ㈝ࡀᢚ࠼ࡽࢀࡓࡇ࡜㸪࠾ࡼࡧ┤ୖ
Ỉ࡜ࡢᾏỈ஺᥮ࡀ⏕ࡌࡸࡍ࠿ࡗࡓࡇ࡜ࡀ⪃࠼ࡽࢀࡿࠋ  
5㸧෤Ꮨ࠿ࡽ᫓Ꮨ࡟࠾࠸࡚ᗏ⏕⏕≀ࡢ╔⏕ࡀㄆࡵࡽࢀ㸪࡜ࡃ࡟᭱ࡶ‴ཱྀഃࡢ
ヨ㦂༊ C࡟࠾࠸࡚ࣘ࢘ࣞ࢖࣎ࣖ㸪ࢫࣆ࢜࡞࡝ࡢከࡃࡢ⏕≀╔⏕ࡀㄆࡵࡽࢀࡓࠋ
ࡇࢀࡣ㸪ࢫࣛࢢ࡟ࡼࡾ◲໬Ỉ⣲Ⓨ⏕ࡀᢚไࡉࢀ㸪⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ᗏᒙ
Ỉ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡀୖ᪼ࡋࡓࡇ࡜㸪࠾ࡼࡧᾋἾཌࡳࡀῶᑡࡍࡿࡇ࡜࡛㸪୍
㒊࡟࠾࠸࡚ࢫࣛࢢ⾲㠃ࡀ㟢ฟࡍࡿࡇ࡜࡟ࡼࡾ㸪ࢫࣛࢢ⾲ᒙࡀࡇࢀࡽ⏕≀ࡢ௜
╔ᇶ┙࡜ࡋ࡚స⏝ࡋࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ  
 ௨ୖࡢ⤖ᯝࡼࡾ㸪◲໬≀Ⓨ⏕ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿᾏᇦᗏἾ࡬ࡢ〇㗰ࢫࣛࢢ
ᧈᕸ㸦そ◁㸧࡟ࡼࡿ⎔ቃᨵၿࡢ᭷⏝ᛶࡀ♧၀ࡉࢀࡓࠋ  
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Table 4-1. Chemical composition of steelmaking slags  used for the present 
experiments (mass %). 
 
 
 
 
 
 
 
Table 4-2. Grain sizes of the slags used for the field experiments. Slag 
laying was conducted in two layers in each construction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-1. Location of the field test site and the enlarged map of slag 
construction area. 
T.Fe SiO2 CaO Al2O3 MnO MgO TiO2
Slag 1 17.5 29.3 33.0 6.0 8.7 4.9 1.2
Slag 2 20.7 12.7 42.2 3.1 2.7 6,2 0.5
Site
Slag Grain size Slag
Site A (August 2011) Slag 1 5-10 mm Slag 1 10-25 mm
Site B (July 2012) Slag 1 5-10 mm Slag 1 10-25 mm
Site C(July 2012) Slag 1 5-10 mm Slag 2 30-50 mm
Lower layer Upper layer
Grain size
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Fig. 4-2. pH monitoring sites during the construction.  No. 1: Outside near 
the curtain to protect dispersion of silt (silt protector) . No. 2: 20 m far  
from the curtain . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-3. Changes of pH in seawater at No, 1 and No. 2  (see Fig. 4-2 
regarding the monitoring sites ) during the construction in August 2011.  
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Fig. 4-4. Cross section diagrams of monitoring sites . (a) August to June 
2012, and (b) July 2012 onward. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-5. The sampling device to collect  gasses generated from the 
sediments. A plastic bag was set 50 cm above the bottom sediment in 
upside-down fixed with a frame pulling  upward with a float and 
downward with an anchor. 
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Fig. 4-6. The sampling device  to collect  gasses generated from the 
sediments. Sediments collected from the experimental sites by a diver 
were put into a 2 L air tight container with a plastic bag at the top of cap. 
The container was shaken for six hours  with a rotation speed of 200 rpm 
to collect gasses.  
 
 
*DVVDPSOLQJ
SODVWLFEDJ
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/ *DV
6KDNLQJ
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&DS
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Fig. 4-7. Temporal  changes of (a) pH, (b) dissolved sulfide, (c) ORP and (d) 
DO in the interstitial water  in the slag construction area and the control  
plots. See Fig. 4-4 for the sites of measurements.  
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Fig. 4-8. Temporal  changes of (a) pH, (b) dissolved sulfide, (c) ORP and (d) 
DO in the overlying water in the slag construction area and the control 
plots. See Fig. 4-4 for the sites of measurements.  
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Fig. 4-9. Vertical profiles of water temperature, pH, Eh and DO in the 
slag construction area and the control  plots in August 2011. ۑ :  control  
(bay head, 100 m from A1), ڦ :  A1, ۔ :  control (sea side 244 m from A1) in 
August 2011. See Fig. 4-4 for the sites of measurements.  
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Fig. 4-10. Vertical profiles of water temperature, pH, Eh and DO  in the 
slag construction area and the control  plots in December 2011. ۑ :  control   
(back of bay, 100 m from A1), ڦ :  A1, ۔ :  control  (sea side 244 m from A1) 
in February 2012. See Fig. 4-4 for the sites of measurements.  
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Fig. 4-11. Volume of gas generated from the bottom sediments  (see Fig.  
4-5 regarding the sampling device ).  ۑ :  control  (head of the harbor, 100m).  
ڦ :  A1, ڸ :  B, ە :  C, ڹ :  control (sea side 100 m from A1).  ۔ :  control  
(seaside, 244 m from A1).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-12. Concentrations of hydrogen sulfide, methyl mercaptan and 
dimethyl disulfide gasses in the sediments of Fukuyama Inner harbor. 
Gasses were collected after shaking the sediments sampled at the slag 
construction area and the control  plots  on December 8, 2012 (see Fig.  4-6 
regarding the sampling device) .    
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Fig. 4-13. Species number, individual number and wet weight of macro 
benthos observed in and on the sediments. Samples were collected at the 
sites with (B-1, C-1) and without (B-2, B-3) fluidly sediments covered 
after construction. Sampling was carried out on February 9, 2013 for C -2 
and control  plot and on February 23, 2013 for the other plots .     
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Fig. 4-14. Macrobenthos observed at Plot C and at Control plot in 
February 2013.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-15. Macrobenthos attached to the slag  surface at plot C. 
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Fig. 4-16. Schematic illustration of the sampling chamber to collect 
overlying water of sediments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4-17. Comparison of dissolved sulfide concentration in the overlying 
water collected with the device shown in Fig. 4 -16. December 2012 and 
February 2013.  
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Fig.  4-18. Sulfur cycles in and around the bottom sediments supposed 
before and after steelmaking slag application , (a) Without slag (lack of  
Fe),  (b) with slag,  
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䐠Fe2+䠇HS䡬䊻FeS(s)+H+
䐟2Fe3+䠇HS䡬䊻S0 (s) +2Fe2+䠇H+
䐟 䐠
FeOOH
SO42-SO4
2-
SO42-
SO42- Fe
S
Sulfate㻫 reducing bacteria 
Aerobic
Anaerobic
㽢 㽢
FeOOH
Organic matter + O2ൺ nCO2 + mH2O 
䐟Organic matter + SO42- + 2H+ൺ nCO2 + mH2O + H2S
ཱ2H2S + O2 ൺ 2H2O + 2S
䐟
䐠
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➨ 5 ❶ ⥲ᣓ  
ᗏἾ࠿ࡽࡢ⁐Ꮡ◲໬≀㸦◲໬Ỉ⣲㸧࡟ࡼࡿᝏ⮯ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿ⚟ᒣᕷ
ෆ ࢆᑐ㇟ᾏᇦ࡜ࡋ㸪〇㗰ࢫࣛࢢ㸦ྛ✀㕲㗰ࢫࣛࢢࡢ࠺ࡕ㸪㕲ྵ᭷㔞ࡀ㧗࠸㸧
࡟ࡼࡿ◲໬Ỉ⣲࢞ࢫⓎ⏕ᢚไຠᯝ࠾ࡼࡧࡑࡢᣢ⥆ᛶ࡟㛵ࡋ㸪ᐇ㦂ᐊつᶍ࠾ࡼ
ࡧᐇᾏᇦつᶍ࡟ࡼࡿヨ㦂ࢆ⾜ࡗࡓࠋ  
ࡑࡢ⤖ᯝ㸪ᐇ㦂ᐊつᶍࡢヨ㦂࡟ࡼࡾ㸪ᗏἾ࡬ࡢ〇㗰ࢫࣛࢢୖ⨨ࡁ㸦そ◁㸧
ࡲࡓࡣΰྜ࡟ࡼࡿ⁐Ꮡ◲໬≀ࡸ◲໬Ỉ⣲࢞ࢫࡢ⏕ᡂᢚไࡢᨵၿᢏ⾡࡜ࡋ࡚ࡢ
᭷ຠᛶࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋᐇᾏᇦヨ㦂࡟࠾࠸࡚ࡶ㸪ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚ᗏ
㉁㛫㝽Ỉ୰ࡢ⁐Ꮡ◲໬≀⃰ᗘࡀⴭࡋࡃపῶࡋࡓ࡯࠿㸪㓟໬㑏ඖ㟁఩࠾ࡼࡧ⁐
Ꮡ㓟⣲⃰ᗘࡢྥୖ࡞࡝ᗏ㉁ᨵၿຠᯝࡀㄆࡵࡽࢀ㸪ࡑࡢຠᯝࡣᑡ࡞ࡃ࡜ࡶ⣙ 2
ᖺ㛫ࡢㄪᰝᮇ㛫ᣢ⥆ࡋࡓࠋࡉࡽ࡟෤Ꮨ࠿ࡽ᫓Ꮨ࡟࠾࠸࡚㸪ࢫࣛࢢヨ㦂༊࡟࠾
࠸࡚ከࡃࡢᗏ⏕⏕≀ࡢ╔⏕ࡀㄆࡵࡽࢀࡓࠋࡇࢀࡣ㸪⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ᗏ
ᒙỈࡢᾏỈࡢ⁐Ꮡ㓟⣲⃰ᗘࡀ㧗ࡲࡗࡓࡇ࡜㸪࠾ࡼࡧࢫࣛࢢ⾲㠃ࡀࡑࢀࡽࡢᗏ
⏕⏕≀ࡢ╔⏕ᇶ㉁࡜ࡋ࡚㐺ࡋ࡚࠸ࡓࡓࡵ࡜⪃࠼ࡽࢀࡓࠋ  
ࢫࣛࢢ࡟ࡼࡿᗏἾ࠿ࡽࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไࡢ࣓࢝ࢽࢬ࣒࡜ࡋ࡚㸪㑏ඖⓗ࡞⎔
ቃࢆ㓟໬ⓗ࡟ᨵ㉁ࡍࡿࡇ࡜࡟ࡼࡿ◲໬≀ࡢ㓟໬࠾ࡼࡧ㕲ࡢ⁐ฟ࡟ࡼࡿ◲໬㕲
ࡢ⏕ᡂ࡛࠶ࡾ㸪ࡉࡽ࡟ࡣ◲໬Ỉ⣲࡟ࡼࡗ࡚ᾘ㈝ࡉࢀ࡚࠸ࡓ㓟⣲ࡢ⃰ᗘࢆᅇ᚟
ࡍࡿ࡜࠸࠺᪂ࡓ࡞ຠᯝ࡟㛵ࡍࡿ▱ぢࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡓࠋ  
 ᮏ◊✲࡟ࡼࡿᡂᯝࢆලయࡢᢏ⾡࡜ࡋ࡚ᐇ㝿ࡢᾏᇦ࡟㐺⏝ࡍࡿ࡟ᙜࡓࡾ㸪࠸
ࡃࡘ࠿⪃៖ࡍ࡭ࡁⅬࡀ࠶ࡿࠋࡑࢀࡽ࡟ࡘ࠸࡚㸪௨ୗ࡟ࡲ࡜ࡵࡿࠋ  
㸦㸯㸧ᨵၿຠᯝࡀᮇᚅ࡛ࡁࡿᾏᇦ  
 ᮏᢏ⾡ࡣ᭷ᶵ㉁࡛㑏ඖⓗ࡞ᗏἾ࡟࠾࠸࡚Ⓨ⏕ࡍࡿ◲໬Ỉ⣲ࢆᢚไࡍࡿࡇ࡜
࡟ຠᯝࡀ࠶ࡿࠋࡇࡢࡓࡵ㸪㐺⏝ࡍࡿ࡟ᙜࡓࡾ㸪᭱㐺࡞ᾏᇦ࡜ࡋ࡚௨ୗࡢ㸱ࡘ
ࡀᣲࡆࡽࢀࡿࠋ  
 ➨ 1 ࡟㐠Ἑࡲࡓࡣ㐠Ἑ≧ࡢᾏᇦ࡛࠶ࡿࠋ㐠Ἑࡣ㛢㙐ᛶᾏᇦࡢ୰࡛ࡶ㸪ᾏỈ
஺᥮ࡀᑠࡉࡃ㸪㒔ᕷ㒊ࡢἢᓊᇦ࡟Ꮡᅾࡍࡿࡇ࡜ࡀከ࠸ࡓࡵ㸪ᕤሙ᤼Ỉࡸ⏕ά
᤼Ỉ࡞࡝ࡢ㈇Ⲵࡀ㧗࠸ࡇ࡜࠿ࡽ㸪⚟ᒣෆ ࡜ྠᵝ࡟ᠱ⃮≀ࡀሁ✚ࡋ㸪㈋㓟⣲
Ỉᇦ࡜࡞ࡾࡸࡍ࠸ࠋ  
 ➨ 2 ࡟㸪㨶௓㢮࡞࡝ࡢ㣴Ṫሙࡀᣲࡆࡽࢀࡿࠋ㨶㢮ࡢ㣴Ṫሙࡣὶࢀࡀ✜ࡸ࠿
࡞ἢᓊ㒊࡛⾜ࢃࢀ㸪㣫ᩱࡢṧ´ࡸ⣅࡞࡝ࡢ᭷ᶵ≀㈇Ⲵࡀ㧗࠸࡞࡝㸪ᗏ㉁ࡀᝏ
໬ࡍࡿ᮲௳ࡀ㔜࡞ࡗ࡚࠸ࡿࠋ㈅㢮ࡢ㣴Ṫሙ࡟ࡘ࠸࡚ࡶ㸪౛࠼ࡤ࢝࢟ࡢሙྜ㸪
࢝࢟ࡢ⣅ࡸ⟁࠿ࡽⴠࡕࡓ࢝࢟ࡀ᭷ᶵ≀㈇Ⲵ࡜࡞ࡿࡇ࡜ࡀᣦ᦬ࡉࢀ࡚࠸ࡿ㸦ᒣ
ᆅࡽ  2005㸧ࠋ  
 ➨ 3 ࡟ᮾி‴࡟௦⾲ࡉࢀࡿ⯟㊰ὼ ࡸᾏ◁᥇ྲྀ࡞࡝࡟ࡼࡗ࡚࡛ࡁࡓ❑ᆅࡀ
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ᣲࡆࡽࢀࡿࠋ➨ 1 ❶࡛㏙࡭ࡓࡼ࠺࡟㸪῝ᇼ㒊ࡣ㈋㓟⣲ỈሢࡢⓎ⏕ཎᅉ࡜࡞ࡗ
࡚࠾ࡾ㸪ᮾி‴ࡢሙྜ㸪◲໬Ỉ⣲ࡢ࠾ࡼࡑ 9 ๭ࡀ❑ᆅ࡛ᙧᡂࡉࢀࡿ࡜࠸࠺ሗ
࿌ࡶ࠶ࡿࡼ࠺࡟㸦బࠎᮌࡽ  1996㸧㸪ࡑࡢᙳ㡪ࡣ኱ࡁ࠸ࠋ❑ᆅࢆᇙࡵࡿᮦᩱ࡜
ࡋ࡚ᚲࡎࡋࡶ඲࡚〇㗰ࢫࣛࢢ࡛࠶ࡿᚲせࡣ࡞ࡃ㸪ࡓ࡜࠼ࡤ⯟㊰ὼ ᅵ࡞࡝ࢆ
ୗᒙ࡟ᩜࡁ㸪ୖᒙࢆࢫࣛࢢ࡛⵹ࢆࡍࡿ࡜࠸ࡗࡓ᪉ἲࡶ᭷ຠ࡛࠶ࡿ࡜⪃࠼ࡽࢀ
ࡿࠋ  
㸦㸰㸧ࡉࡽ࡟ඃࢀࡓᮦᩱ࣭ᢏ⾡ࢆ┠ᣦࡍ࠺࠼࡛ࡢㄢ㢟  
 ➨㸯࡟〇㗰ࢫࣛࢢ࡟ࡼࡿᨵၿຠᯝࡀ㛗ᮇ࡟ࢃࡓࡾຠᯝࡀ⥅⥆ࡍࡿࡇ࡜ࢆ♧
ࡍᚲせࡀ࠶ࡿࠋࡑࡢࡓࡵ࡟ࡣ㛗ᮇࡢࣇ࢕࣮ࣝࢻヨ㦂࡟ࡼࡿᐇド࠾ࡼࡧ࣓࢝ࢽ
ࢬ࣒ゎ᫂ࡀồࡵࡽࢀࡿࠋ➨㸲❶࡛㏙࡭ࡓᐇᾏᇦ࡟࠾ࡅࡿᗏ㉁ᨵၿヨ㦂࡟࠾࠸
࡚ࠊຠᯝࡀ 2 ᖺ㛫࡟ࢃࡓࡾ⥅⥆ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢ⌮⏤ࡢࡦ࡜ࡘࡣࠊ
෤Ꮨ࡟࠾ࡅࡿỈᰕࡢ㖄┤ΰྜ࡟ࡼࡾࠊᗏᒙỈࡸࢫࣛࢢ㛫㝽Ỉࡢ⁐Ꮡ㓟⣲⃰ᗘ
ࡀୖ᪼ࡍࡿࡇ࡜࡟ࡼࡾࠊ⁐Ꮡ◲໬≀࡜཯ᛂࡋࡓ◲໬㕲ࡀ㓟໬ࡉࢀ㸪㕲ࡀ෌ᗘ
฼⏝࡛ࡁࡿᙧែ㸦Ỉ㓟໬㕲࡞࡝㸧࡜࡞ࡗ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࠋࡇࡢࡇ࡜࠿ࡽ
Ỉᰕࡢᡂᒙ࡜ΰྜ࡟࡜ࡶ࡞࠺㕲ࡢᙧែኚ᥮࡜෌⏕ࣉࣟࢭࢫࡢゎ᫂ࡀᚲせ࡛࠶
ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
 ➨ 2 ࡟㸪᭷ᶵ≀ศゎ㐣⛬࡟㛵ࡍࡿヲ⣽ゎ᫂ࡀᚲせ࡛࠶ࡿࠋ௒ᅇ㸪⁐Ꮡ㓟⣲
ࡢᾘ㈝ᢚไᐇ㦂ࡢ୰࡛᭷ᶵ≀ศゎࡢಁ㐍ຠᯝࡀ♧၀ࡉࢀࡓࡀ㸪᭷ᶵ≀ศゎ㐣
⛬ࡣ㸪⁐Ꮡ㓟⣲࡟ࡼࡿ㓟໬ศゎࡔࡅ࡛࡞ࡃ㸪◪㓟࡟ࡼࡿศゎ࡛࠶ࡿ⬺❅㸪㕲
㑏ඖ㸪Mn 㑏ඖ㸪◲㓟㑏ඖ㸪࣓ࢱࣥⓎ㓝࡞࡝㸪」ᩘࡢࣉࣟࢭࢫࡀ㓟໬㑏ඖ㟁
఩ࡢ␗࡞ࡿ≧ἣ࡛㉳ࡇࡾ㸪ࡲࡓᗏἾࡢ୙ᆒ୍ᛶ࡟࡜ࡶ࡞࠸㸪ࡑࢀࡽࡢࣉࣟࢭ
ࢫࡣ✵㛫ⓗ࡟ࡶᚤ⣽࡟୙ᆒ୍࡛࠶ࡿࠋ௒ᚋࡣ㸪ࡇࢀࡽࡢ✵㛫ⓗ࣭᫬㛫ⓗ୙ᆒ
୍ᛶࢆ⪃៖ࡋࡓゎᯒࡀᚲせ࡜࡞ࢁ࠺ࠋ  
 ➨ 3 ࡟㸪ࢫࣛࢢࡢ໬Ꮫᡂศࡸྵ᭷㖔≀ࡢ᭱㐺໬ࡀᣲࡆࡽࢀࡿࠋ⌧≧࡛ࡣ㸪
ࢫࣛࢢࡣ〇㗰〇㐀࡟࡜ࡶ࡞ࡗ࡚᤼ฟࡉࢀࡿ๪⏘≀࡛࠶ࡿࡢ࡛㸪ࡑࡢྵ᭷㖔≀
ࡸᡂศࡣ㕲㗰〇㐀ࣉࣟࢭࢫ࡟౫Ꮡࡍࡿࠋࡲࡎࡣ⏝㏵࡟ᛂࡌࡓ᭱㐺࡞㖔≀ࡸᡂ
ศࢆ᫂ࡽ࠿࡟ࡋ㸪〇㐀ࢥࢫࢺࡸຠᯝ࡞࡝ࢆ⪃៖ࡋࡓ࠺࠼࡛ྵ᭷㖔≀ᡂศ࡞࡝
ࡢ᭱㐺໬ࢆᥦ᱌ࡋࡓ࠸ࠋ  
 ୖグࡢᢏ⾡ⓗㄢ㢟࡟ຍ࠼㸪᪂ࡋ࠸ᢏ⾡ࡸ〇ရࢆᕷሙ࡟ཷࡅධࢀࡽࢀࡿࡼ࠺
࡟ࡍࡿࡓࡵ࡟ࡣ㸪〇ရࡢᏳ඲ᛶࢆ☜ಖࡋ㸪࣮ࣘࢨ࣮ࡢಙ㢗ࢆᚓࡿࡇ࡜ࡀ๓ᥦ
࡜࡞ࡿࠋࡑࢀࡒࢀࡢ฼⏝ඛ࡟ᑐᛂࡋࡓ㐺⏝ἲ௧㸪ᇶ‽ࢆ‶ࡓࡋࡓᮦᩱࢆ౪⤥
ࡍࡿࡇ࡜ࡣ࣓࣮࣮࢝ࡢ♫఍ⓗ㈐ົ࡛࠶ࡿࠋ㕲㗰ࢫࣛࢢࡢᾏᇦ฼⏝࡟㛵ࡋ࡚ࡣ㸪
⎔ቃ┬ࡢ⎔ቃホ౯ᐇド㸦ETV㸧஦ᴗ࡛➨୕⪅࡟ࡼࡿホ౯ࡀ⾜ࢃࢀ㸪Ᏻ඲ᛶࡀ
☜ㄆࡉࢀ࡚࠸ࡿࡶࡢࡢ㸦⎔ቃ┬  2009㸧㸪ṧᛕ࡞ࡀࡽࡇࡢࡇ࡜ࡀ༑ศ࿘▱ࡉࢀ
࡚࠸ࡿ࡜ࡣゝ࠼࡞࠸ࠋࡲࡎࡣࡇࢀࡽࡀ࿘▱ࡉࢀࡿࡇ࡜ࡀᚲせ࡛࠶ࡾ㸪ࡉࡽ࡟
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࣮ࣘࢨ࣮࡜ࡢᑐヰࡢ୰࡛ⓗ☜࡞᝟ሗࢆᥦ౪ࡍࡿࡇ࡜࡟ࡼࡾಙ㢗㛵ಀࢆᵓ⠏ࡋ
࡚࠸ࡃࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋ  
 
 
㹙➨ 5 ❶ࡢᘬ⏝ᩥ⊩㹛  
⎔ቃ┬ :  ᖹᡂ 21 ᖺᗘ ETV ஦ᴗࠕ〇㗰ࢫࣛࢢࢆ⏝࠸ࡓ⸴ሙ㐀ᡂ࣭Ỉ㉁ᨵၿᢏ
⾡ ,ࠖ  2009. http:/ /www.env.go.jp/policy/etv/field/f03/p3.html  (᭱⤊࢔ࢡ
ࢭࢫ᪥㸸 2015.6.15㸧  
బࠎᮌ῟ ,  ☾㒊㞞ᙪ ,  Ώ㎶  ᫭ ,  ஬᫂⨾ᬛ⏨ :  ᮾி‴࡟࠾ࡅࡿ㟷₻ࡢⓎ⏕つᶍ
࡟㛵ࡍࡿ⪃ᐹ ,  ᾏᓊᕤᏛㄽᩥ㞟 ,  43, 1111-1115, 1996. 
ᒣᆅᖿᡂ㸪๓ᕝၨ୍㸸࠿ࡁẆ㝖ཤ࡟ࡼࡿᗏ㉁ᨵၿ ,  ᗈᓥ┴Ỉ⏘ヨ㦂ሙ◊✲ሗ
࿌ ,  15̽18, 2005. 
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ᮏㄽᩥ࡟㛵ࡍࡿᢞ✏ㄽᩥ  
 
➨㸰❶  
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ㅰ㎡  
 
 ◊✲ࡢ㐙⾜࠾ࡼࡧㄽᩥࡢᇳ➹࡟࠾࠸࡚㸪᠓ษ࡞ࡈᣦᑟ࠾ࡼࡧᰯ㜀ࢆ࠸ࡓࡔ
ࡁࡲࡋࡓ㸪ᗈᓥ኱Ꮫ኱Ꮫ㝔⏕≀ᅪ⛉Ꮫ◊✲⛉ ᩍᤵࡢᒣᮏẸḟඛ⏕࡟῝ࡃឤ
ㅰ⏦ࡋୖࡆࡲࡍࠋ⚟ᒣᕷ࠿ࡽ㸪⚟ᒣෆ ࡢᗏ㉁ᨵၿ࡟㛵ࡍࡿ┦ㄯࢆཷࡅࡓ࠶
࡜㸪ୖᙺ࡜㥑ࡅ㎸ࡳᑎࡢࡼ࠺࡟ᒣᮏඛ⏕ࡢࡶ࡜࡟㥑ࡅ㎸ࢇࡔࡢࡀᮏ◊✲ࡢጞ
ࡲࡾ࡛ࡋࡓࠋᒣᮏඛ⏕ࡣ᎘࡞㢦ࡦ࡜ࡘࡏࡎᢎㅙࡉࢀ㸪ࡍࡄ࡟ᗈᓥ኱Ꮫ➉ཎࢫ
ࢸ࣮ࢩ࡛ࣙࣥᐇ㦂࡛ࡁࡿࡼ࠺㸪ྲྀࡾィࡽࡗ࡚࠸ࡓࡔࡁࡲࡋࡓࠋ௨㝆㸪ᩘ࠼ษ
ࢀ࡞࠸࡯࡝ࡢࡈᣦᑟࢆ࠸ࡓࡔࡁ㸪⌧ᅾ࡟⮳ࡾࡲࡍࠋ  
 ᮏㄽᩥࡢᑂᰝ࡟ᦠࢃࡗ࡚࠸ࡓࡔࡃ࡜࡜ࡶ࡟᭷┈࡞࢔ࢻࣂ࢖ࢫࢆከࡃ࠸ࡓࡔ
ࡁࡲࡋࡓ㸪ᗈᓥ኱Ꮫ኱Ꮫ㝔⏕≀ᅪ⛉Ꮫ◊✲⛉ᩍᤵࡢబஂᕝᘯඛ⏕㸪୰ᆤᏕஅ
ඛ⏕㸪෸ᩍᤵࡢ➉⏣୍ᙪඛ⏕࡟ཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ  
 ᗈᓥ኱Ꮫ኱Ꮫ㝔⏕≀ᅪ⛉Ꮫ◊✲⛉≉௵ㅮᖌࡢ୕⎼┿ඛ⏕㸪◊✲ဨࡢ୰ᕝග
ඛ⏕࡟ࡣỈᇦᚠ⎔ไㄽㅮᗙࡢࢭ࣑ࢼ࣮࡛ከࡃࡢຓゝࡸ㈨ᩱࡢᰯ㜀ࢆ࠸ࡓࡔࡁ
ࡲࡋࡓࠋὸᒸ  ⪽ඛ⏕㸦⌧⚄ᡞ኱Ꮫ㸧࡟ࡣᨺᑕගศᯒ㸦XAFS㸧ᐇ᪋ࡸ pH-Eh
ᅗࢆࡈᥦ౪࠸ࡓࡔࡁࡲࡋࡓࠋᗈᓥ኱Ꮫ➉ཎࢫࢸ࣮ࢩࣙࣥࡢᒾᓮ㈆἞ᵝ࡟ࡣᐇ
㦂タഛࡢᥦ౪࡯࠿ከࡃࡢࢧ࣏࣮ࢺࢆ࠸ࡓࡔࡁࡲࡋࡓࠋỈᇦᚠ⎔ไㄽㅮᗙࡢᏛ
⏕ࡢⓙࡉࢇ㸪࡜ࡃ࡟ᒸ⏣ె♸ࡉࢇ㸦ᙜ᫬㸧㸪▼⏣⥲࿴ࡉࢇ㸪⸨஭▱ኟࡉࢇࡣࡌ
ࡵ㸪ᐊෆᐇ㦂ࡢ㐙⾜࡞࡝ࡢࡈ༠ຊࢆ࠸ࡓࡔࡁࡲࡋࡓࠋ  
 ᮏㄽᩥࡢ◊✲ࢸ࣮࣐ࡣ㸪ᗈᓥ኱Ꮫ࡜㹈㹄㹃ࢫࢳ࣮ࣝᰴᘧ఍♫ࡢໟᣓ༠ᐃࡢ
୰ࡢඹྠ◊✲࡜ࡋ࡚ᐇ᪋ࡋࡲࡋࡓࠋࡇࡢໟᣓ༠ᐃࡢ⥾⤖࡟ࡣ㸪ᗈᓥ኱Ꮫᮏ㒊
♫఍㐃ᦠᢸᙜ๪⌮஦ࡢ㟷ᒣᜨᏊᵝ㸪Ꮫ⾡࣭♫఍⏘Ꮫ㐃ᦠᐊࡢᮧୖ  ᑦᵝ㸪ᐑᮏ
㞞⮧ᵝ㸪㹈㹄㹃ࢫࢳ࣮ࣝࡢᯘ  ᫂ኵ 㸦ᵝ⌧ ᫍ⸆⛉኱Ꮫ㸧࠾ࡼࡧᓊᮏᗣኵ 㸦ᵝ⌧
ᩥ㒊⛉Ꮫ┬㸧ࡣࡌࡵ㸪ከࡃࡢ᪉ࠎ࡟ࡈᑾຊ࠸ࡓࡔࡁࡲࡋࡓࠋࡲࡓ㸪ໟᣓ༠ᐃ
ࡢ㔜せ࡞άືࡢࡦ࡜ࡘ࡜ࡋ࡚❧ࡕୖࡆࡓࠕ㕲㗰ࢫࣛࢢࢆά⏝ࡋࡓ⚟ᒣෆ ᆅ
༊Ỉᇦ⎔ቃᨵၿ◊✲఍ࠖ࡟࠾࠸࡚㸪ጤဨ㛗ࢆົࡵ࡚࠸ࡓࡔ࠸ࡓᕤᏛ◊✲㝔ᩍ
ᤵࡢᅵ⏣  Ꮥඛ⏕ࢆࡣࡌࡵ㸪ᨺ㏦኱Ꮫᩍᤵ࣭ᗈᓥ኱Ꮫྡ㄃ᩍᤵࡢᒸ⏣ගṇඛ⏕㸪
⏘Ꮫ࣭ᆅᇦ㐃ᦠࢭࣥࢱ࣮㛗㸦ᩍᤵ㸧ࡢᶫᮏᚊ⏨ඛ⏕㸪ᗈᓥ኱Ꮫ⎔ቃᏳ඲ࢭࣥ
ࢱ࣮㛗㸦ᩍᤵ㸧ࡢすᔱ  ΅ඛ⏕㸪ᕤᏛ◊✲㝔෸ᩍᤵ ୰஭ᬛྖඛ⏕㸪⚟ᒣᕷ❧
኱Ꮫ 㒔ᕷ⤒ႠᏛ㒊Ꮫ㒊㛗ࡢሐ⾜ᙪඛ⏕࡟ࡣ୺࡟ᐇドヨ㦂࡟㛵ࡍࡿホ౯ࡸࡈ
ᣦᑟࢆከࡃ࠸ࡓࡔࡁࡲࡋࡓࠋࡲࡓ㸪ᕤᏛ◊✲㝔෸ᩍᤵࡢ㝣⏣⚽ᐇඛ⏕㸪⎔ቃ
Ᏻ඲ࢭࣥࢱ࣮ຓᩍࡢዟ⏣ဴኈඛ⏕࡟ࡣඹྠ◊✲ࢆ㏻ࡋ࡚ከࡃࡢ▱ぢࢆ୚࠼࡚
࠸ࡓࡔࡁࡲࡋࡓࠋ  
 ᗈᓥ┴ᅵᮌ㒊 ‴ㄢ࠾ࡼࡧᮾ㒊ᘓタ஦ົᡤ ‴ㄢࡢⓙᵝ࡟ࡣ㸪⚟ᒣෆ ࡟
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࠾ࡅࡿᐇドヨ㦂ᐇ᪋࡟࠶ࡓࡾ㸪᪋ᕤ࠾ࡼࡧㄪᰝࡢࡓࡵࡢỈᇦ౑⏝ࡢチྍࢆ࠸
ࡓࡔ࠸ࡓ࠺࠼㸪ୖグ◊✲఍ࡢ࢜ࣈࢨ࣮ࣂ࣮࡜ࡋ࡚᭷┈࡞ຓゝࢆ࠸ࡓࡔࡁࡲࡋ
ࡓࠋ⚟ᒣᕷ⎔ቃಖ඲ㄢࡢⓙᵝ࡟ࡣᮏ◊✲㛤ጞࡢࡁࡗ࠿ࡅ࡜࡞ࡿ⚟ᒣෆ ࡢᗏ
㉁ᨵၿ࡟㛵ࡍࡿ┦ㄯࢆࡋ࡚࠸ࡓࡔࡁ㸪௨㝆㸪ᮏ◊✲ࡢࡈᨭ᥼ࢆ㈷ࡾࡲࡋࡓࠋ
⚟ᒣᕷἙᕝㄢࡢⓙᵝ࡟ࡶୖグ◊✲఍ࡢ࢜ࣈࢨ࣮ࣂ࣮࡜ࡋ࡚ࡈຓゝࢆ࠸ࡓࡔࡁ
ࡲࡋࡓࠋ  
 ᪥ᮏ࣑ࢡࢽࣖᰴᘧ఍♫ࡢⓙᵝ࡟ࡣ㸪➉ཎࢫࢸ࣮ࢩ࡛ࣙࣥࡢᐇ㦂ࢆ࠾ᡭఏ࠸
࠸ࡓࡔࡁࡲࡋࡓࠋᰴᘧ఍♫ᯇཎ⤌࠾ࡼࡧ኱᪂ᅵᮌᰴᘧ఍♫࡟ࡣ㸪⚟ᒣෆ ࡟
࠾ࡅࡿᐇドヨ㦂ࡢᐇ᪋࡟࠶ࡓࡾ㸪ࢫࣛࢢࡢ㐠ᦙࡸ᪋ᕤ࡞࡝ࡢࡈ༠ຊࢆ࠸ࡓࡔ
ࡁࡲࡋࡓࠋᐇᾏᇦᐇドヨ㦂ࡣ㸪᚟ᘓㄪᰝタィᰴᘧ఍♫ࡢⓙᵝ㸪ᰴᘧ఍♫᪥ᮏ
⥲ྜ⛉Ꮫ㸪Ỉᅪࣜࢧ࣮ࢳᰴᘧ఍♫࠾ࡼࡧᰴᘧ఍♫ཎ⏣₯Ỉࡢⓙᵝ࡟㐙⾜ࡋ࡚
࠸ࡓࡔࡁࡲࡋࡓࠋ㹈㹄㹃ࢫࢳ࣮ࣝᰴᘧ఍♫す᪥ᮏ〇㕲ᡤ಴ᩜᆅ༊࠾ࡼࡧ⚟ᒣ
ᆅ༊〇㗰㒊㸪࠾ࡼࡧ㹈㹄㹃࣑ࢿࣛࣝᰴᘧ఍♫す᪥ᮏႠᴗ㒊࠾ࡼࡧ಴ᩜ࣭⚟ᒣ
⟶⌮㒊ࡢⓙᵝ࡟ࡣᐇドヨ㦂ࡢ〇㗰ࢫࣛࢢࢆ〇㐀㸪౪⤥࠸ࡓࡔࡁࡲࡋࡓࠋ㹈㹄
㹃࣑ࢿࣛࣝ◊✲ᡤࡢΏ㎶ဴဢ㒊㛗࡯࠿ࡢⓙᵝ࡟ࡣ㸪ᐊෆヨ㦂ࡸศᯒ࡛ከࡃࡢ
ࡈ༠ຊࢆ࠸ࡓࡔࡁࡲࡋࡓࠋ㹈㹄㹃ࢫࢳ࣮ࣝᰴᘧ఍♫ࢫࢳ࣮ࣝ◊✲ᡤࡢὠᒣ㟷
ྐ๓ᡤ㛗㸪᭮㇂ಖ༤ᡤ㛗㸪ᯇᒸᡯ஧๪ᡤ㛗ࡣࡌࡵᖿ㒊ࡢⓙᵝ㸪ࢫࣛࢢ⪏ⅆ≀
◊✲㒊ࡢ⸈⏣࿴ဢඖ㒊㛗㸪᱓ᒣ㐨ᘯ๓㒊㛗㸪Ώ㎶ᆂඣ㒊㛗㸪␜ᡣ༤ᖾ㹅㹊㸪
㧘ᶫඞ๎㹅㹊㸪ᯇỌஂᏹ㹅㹊ࢆࡣࡌࡵ࡜ࡍࡿⓙᵝ࡟ࡣ◊✲㐙⾜࡟㛵ࡋ࡚ከࡃ
ࡢᣦᑟࢆ࠸ࡓࡔࡁࡲࡋࡓࠋᯇᮏ  ὒసᴗ㛗㸪⢖᰿࿴ᕫ࣮ࣜࢲ࣮ࢆࡣࡌࡵ࡜ࡍࡿ
ᢏ⾡ဨࡢⓙᵝ࡟ࡣᐊෆᐇ㦂࡞࡝ࢆᐇ᪋࠸ࡓࡔࡁࡲࡋࡓࠋᒸᮏ  㝯୺ᖍ◊✲ဨ㸪
ᅵᮌᘓ⠏◊✲㒊ࡢⓙᵝ࡟ࡣᅵᮌᕤᏛ࡟㛵ࡋ࡚ࢧ࣏࣮ࢺࡃࡔࡉ࠸ࡲࡋࡓࠋᯇᮏ  
๛㒊㛗㸪㕥ᮌ  ᧯๪㒊㛗㸪㇂ᩜከ✑๪㒊㛗ࡣࡌࡵࢫࣛࢢ஦ᴗ᥎㐍㒊ࡢⓙᵝ࡟ࡣ㸪
ᐇᾏᇦᐇドヨ㦂ࡢ㐙⾜࡟࠶ࡓࡾ㛵ಀ⪅࡜ࡢㄪᩚࡸ࿘▱άື࡞࡝ከ᪉㠃࡟࠾࠸
࡚୪ࠎ࡞ࡽࡠࡈᑾຊࢆ࠸ࡓࡔࡁࡲࡋࡓࠋࡇࡇ࡟グࡋ࡚ⓙᵝ࡟ཌࡃឤㅰ⏦ࡋୖ
ࡆࡲࡍࠋ  
 
 ᭱ᚋ࡟㸪ᮏㄽᩥࡀ㸪௒ᚋࡢ㕲㗰ࢫࣛࢢࡢᾏᇦ฼⏝࡟㛵ࡍࡿ◊✲㛤Ⓨ࡟ᑡࡋ
࡛ࡶ࠾ᙺ࡟❧࡚ࢀࡤᖾ࠸࡛ࡍࠋࡲࡓ㸪ᮏ◊✲ࡢᡂᯝࡀἢᓊᾏᇦࡢ⎔ቃᨵၿ࡟
ᐤ୚࡛ࡁࢀࡤ㸪⚾࡟࡜ࡗ࡚ࡇࢀ࡟຾ࡿ႐ࡧࡣ࠶ࡾࡲࡏࢇࠋ  
 
2015 ᖺ 9 ᭶ ᐑ⏣  ᗣே  
